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PREFACE 


This book COMPUTER PRIMER is essentially intended as a text 
book for a high school course on computers. It can, however, be used by 
anybody who is interested in acquiring a basic knowledge about 
computers. 


The aim of the book is to explain in a simple language how 
computers work, how to write simple programs in BASIC and how 
computers can be made use of in various fields of human activity. 


Contents 


The contents of this book more or less conform to the syllabus 
proposed for the course on Computer Studies of the Indian Certificate of 
Secondary Education. Thus the students of this and comparable courses 
will be able to find relevant course material in a single book. 


The book comprises 18 Chapters altogether. The first chapter builds 
up an awareness about computers and brings out their capabilities and 
limitations. The second chapter shows the similarities and differences 
between man and computer. The next two chapters (III, IV) deal in detail 
with the various components of a computer. These are followed by 
chapters on ‘Flowcharts’ and ‘Problem-solving with Computers’. Chapter 
VII, ‘Reading BASIC Programs’ presents a number of BASIC programs 
corresponding to the flowcharts presented earlier. This is done to 
illustrate how easy it is to read programs written in BASIC. The next 
chapter presents the notions of data storage and representation within a 
computer. Chapter IX is on Boolean Algebra and Logic Circuits. The 
application of Boolean Algebra in designing various logic circuits is 
explained in this chapter. The next chapter explains the functioning of the 
Central Processing Unit of a computer and how it executes instructions. 
Diagrams are liberally used to aid understanding. 


Chapter ХІ, ‘Computer Software’ describes the need for a computer 
language, the evolution of languages from machine language to assembly 
and high level languages. We also discuss in this chapter the definition 
and description of programming languages. ‘Writing BASIC Programs’ 
follows the chapter on software. In this chapter, the syntax and the 
semantic rules of BASIC language are explained with the help of 
numerous examples. Since string manipulation is different from the 
manipulation of numbers, a separate chapter is devoted to string 
manipulation in BASIC (Chapter ХШ).. 
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Chapter XIV concentrates on data processing. It enumerates the 
different steps followed in the processing of data and with different types 
of data processing such as on-line and real-time systems. A separate 
chapter, namely, "Processing Files in BASIC' is presented in order to 
further highlight some of the ideas presented in this chapter. 


Chapter XVI presents a broad overview of the applications of 
computers in various fields like home, education, word processing, 
information retrieval, medicine, banking, transportation, fine arts and 
humanities. 


‘Evolution of Computers’ follows as the next chapter. The important 
milestones in the history of computers and computing have been 
highlighted here. History was placed almost at the end since we felt that 
the students can appreciate the history of computers better after they 
know what computers are all about. 


The last chapter is a very important chapter. Н deals with 
programming projects. Projects have been chosen carefully from various 
areas. Model project reports have been presented. Each project has a 
statement of the problem, modelling for computer solution, specification 
of the program, the algorithm used and BASIC program. 


A reference list of books is given after the last chapter. 


A comprehensive Glossary and:an index are presented to facilitate 
quick reference. 


Chapter Organisation 


Each chapter begins with a section which presents the conceptsto be 
discussed in that chapter. It is followed by the main subject. Every chapter 
is concluded with an extended summary emphasising the important 
points covered in the chapter. A large number of review questions and 
exercises are given at the end of each chapter. АП programs given in the 
book have been tested on a computer. Solutions to the exercises is 
given at the end of the book. 
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CONCEPTS : 


The first chapter of this book COMPUTER PRIMER builds ир ап 
awareness about computers, which have become part of our daily life. 


By the end of this chapter | е Young reader will have understood : 
1. the significance of ‘computers 2 | 
2. the capabilities of computers = : = 


3. the limitations of computers. 
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was launched. 
Nuaan Elizahath Siting her visit 


Schools) 


"In Science—in fact, їп most things—it is usually best 
to begin at the beginning. In some things, fo course, 
its better to begin at the other end. For instance, if 
you wanted to paint a dog green, it might be best to 
begin with the tail. as it doesn't bite at that end. And 
o 


—Lewis Carroll. 


“Upto 50 percent of petrol consumption in a car can be saved with a 
computerised transmission control system invented by an Israeli 
engineer"... 


“New generation technology will also support aids for the handicapped 
and disabled. Reading machines for the blind exist today and research on 
sensors and computer controlled wheel chairs is proceeding in several 
laboratories". ... 

“Push-button paint production has been launched in a new plant at 
Crown Paints in Darwen in UK. Fully computer-controlled, it is claimed to 
be the most sophisticated paint plant іп Europe".... 

“Computer graphics as teaching aid”.... 

Everyday we read such news items in the newspapers. We hear 
about computers on the radio and see programmes about them on 
TV. We also see several advertisements for computer courses. The 
word COMPUTER has become very common in our daily life. So 
we are quite likely to be puzzled by questions like: 


1. What is a computer? 
2. What are the components of a computer? 


3. How do we get a computer to do things? 
4. What exactly happens inside a computer? 
5. What are the capabilities and limitations of a computer? 


In this book we will try to answer these and similar questions. 
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We don't know what it is vet. We have put in 
some microchips and it's bound to do something 
when we press the button! 


Courtesy—R.K. Laxman: Science Today. 


11 What is a Computer 


Simply put, a computer is an electronic machine that helps us 
solve problems. The problems that can be solved with the aid of 
computers are wide and varied. They can be problems relating to 
industry, medicine, education, scientific research, law, social sciences and 
arts. 


In fact any problem that can be solved through а step-by-step 
procedure can be solved by a computer. When we solve our everyday 
problems, we are using a step-by-step procedure unconsciously. Let us 
take a very simple example of one such problem, say knitting a sweater. 


Problem 1.1 : To knit a sweater. 


Materials (Input) 


Needles No. 12-2 
Wool 4 ply — 9 bails 


Method 
Step 1: Cast on 133 stitches 
Step 2 : Repeat steps 3 and 4, 11 times 


телу 


COMPUTERS 5 


Step 3: . Knit 2, 'Purl 1, Knit 1, 
Repeat from * to last stitch, Knit 1 


Step 4: Knit 1, Purl 1, Knit 1, 
Repeat from * to End. 


(similar steps) 
Finished product (Output)—A sweater of the required size, 
This simple example illustrates the following points: 
1. The instructions given are precise. 


2. The number of different types of instructions to be carried out is very 
few. If we know how to knit and purl, cast stitches on and off, and count, 
we can knit a sweater. 


3. By a proper permutation and combination of this simple set of 
instructions, an infinite number of patterns can be created. 


What does a knitting pattern have to do with how a computer solves 
problems? The preciseness of instructions combined with the small set of 
tasks to be performed to carry out each instruction, makes it possible to 
design a machine to knit. In fact, interestingly enough, the forerunner of 
the modern day computer was an automatic loom designed by a 
French engineer, called Jacquard, which was able to weave intricate 
designs. 


In the above example, we saw that even with very few basic 
instructions we would be able to knit different patterns. The same 
principle is used in building computers. That is to say, with a computer 
which can carry out as few as ten different operations, it is possible to 
solve a large variety of problems by designing proper procedures. 


12 Capabilities of Computers 


Computers have some significant characteristics because of which 
they are becoming more versatile day by day. They have several 
capabilities and some limitations. 


1. Automaticity : М/с are familiar with electronic machines such as 
television, tape recorder, and calculators. These require human 
operators to start, tune, adjust the volume and stop. But a computer is 
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automatic. Once we give appropriate instructions to a computer it 
performs all the necessary tasks until it meets the ‘stop’ instruction. 


2. Speed: Computers can carry out instructions in less than a 
millionth of a second. For instance, a small computer can sort a set of 
hundred names in less than a hundredth of a second. 


3. Accuracy: Іп addition to their high speeds of operations, 
computers also calculate very accurately. If mistakes occur in any 
calculation, they are due to human errors like feeding wrong data or 
imprecise instructions given to the computer and not calculation error. 


4. Repetitiveness : Computers are capable of performing any task 
given to them repetitively . If any calculation has to be done a million 


times,a computer will do so with the same speed and accuracy without 
halting in between. 


5. Storage capacity: Computers have the capacity to store large 
amounts of instructions and data and supply the stored information to 
us when we ask for it. This is an advantage over our brains where it is 
difficult to store all the information we register for a long time. 


6. Versatility : As mentioned earlier computers can carry out the 
tasks given to them using a small set of elementary instructions. Even 


for a powerful machine the instructions need not be very many in 
number. 


13 Limitations of Computers 


So we understand the importance of computers in our lives. Does 
that mean that a computer can act exactly like an obedient assistant who 


can perform tásks repeatedly at high speed with accuracy and without 
grumbling? 


1. Lack of commonsense : Yes, to some extent a computer acts 
like a human being. BUT there is a big difference between the machine 
and its master! The computer is only a tool. It cannot THINK. It does 
not have commonsense or intelligence as we all have. Suppose we 
give the respective ages of two girls as -12 and 10 and ask a boy to 
find out who is younger the boy will immediately ask ‘How can a girl's 
age be negative?'. But if we give the same data —12 and 10 to a 
computer it will compare the two numbers and give the answer 'The 
younger girl's age is —12’. Why? Because а computer does not have 
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the commonsense to understand by itself that a girl's age cannot be 
less than 0. It has to be specifically instructed about such ‘facts’. 


2. Inability to correct : When we give instructions to a computer 
we must give the correct instructions. A computer cannot correct 
wrong instructions. This follows from the fact that a computer cannot 
use its brain because it does not have one! 


3. Dependence on human instructions : A computer cannot 
generate any information on its own. It can only do what it is 
told to do. 


So, it follows that a computer is only a tool, but one that is extremely 
useful for us human beings. 


SUMMARY 


1. This chapter introduced computers to young readers. It presented an 
overview on computers, the various characteristics of computers and 
their limitations. 


2. The ability to follow a step-by-step procedure using a limited 
instruction set is a significant feature of a computer. 


3. Computers perform operations automatically, ie, without human 
assistance, once the instructions are fed into it. They work very fast; 
they produce highly accurate results; they perform tasks repetitively; 
they can store large amounts of information. 


4. Computers have their limitations too. They cannot think; they do not 
have commonsense; they are dependent on human beings for getting 
instructions. 


EXERCISES 


1.1 What is a computer? 
1.2 Name some of the fields in which computers are used. 
13 Why has the knitting example been given in this chapter? 


14 Write a step by step procedure for finding out the average number of 
vowels per line in a passage in English. 


15 What are the capabilities of computers? 
1.6 What are the limitations of computers? 


Y 
И oz 


g 
1”. 


yi 


Parr 
мд, 
LOU 


sett 


чол yan "Itu; 
0501 b 


МЕТЕ А 


- y ыта 

ЧӘ тына ніг. 
мани 

utin; ДЕА 


Look! He just sweeps everything under the carpet! 


Courtesy: R.K. Laxman: Science Today. 


In the last chapter we saw the influence of computers on our 
daily lives. We also understood that the reason for it is that they are 
powerful tools which can execute a wide variety of jobs with great speed 
and accuracy. 


21 Instructing a Novice to do a Job 


Most often computers solve problems the way we do. So let us first 
look at how we solve a simple problem. Let us take as example an activity 
like shopping with which all of us are familiar. We go to a provision shop 
to buy some provisions. Let us see what the shop assistant does when we 
give him our shopping list. An experienced and intelligent assistant takes 
the list from us and checks whether all the items are available in his shop. 
He makes a note of the quantities mentioned in the list, takes out the 
specified quantities, makes a bill and then hands over the items and the 
bill to us. Preparing a bill of sale seems very easy. Doesn't it? 


Yes. It is an easy task for an experienced and intelligent shop 
assistant. But imagine what will happen if the shop assistant is a new 
recruit. Let us assume that, in addition to being new, he is also a very 
simple man with less than average intelligence. When such a person has 
to supply the items and prepare the bill of sale, the owner of the shop has 
to instruct him precisely and in great detail on the steps to be followed in 
attending to a customer. Moreover, the instructions given by the owner 
of the shop should be so clear and well-arranged that anybody—even an 
idiot-could follow them without thinking, and yet do a satisfactory 
job. 

Let us see how such a clear and detailed step-by-step procedure for 
the preparation of a bill of sale could be written for this new shop assistant. 


Step-by-step procedure for the preparation of a Bill of Sale: 


Step 1: Take the list of items from the customer. Let us call this list— 
List A (see Table 2.1 on page 12). 

Step 2: Read the name of the first item carefully. If you have any 
doubts, ask the customer for clarification. 


Step 3: Take out the catalogue. Let us call the catalogue List B (see 
Table 2.2). It gives the name, quantity in stock and price per 
unit of all the items available in the store. 


Step 4: Read the name of item in the customer's list (List A). Go 
1 
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through each item name from the beginning of List B 
comparing the names. 


LIST A 
Name of customer : R. RAMAN 


Quantity 
in Kg. 


Table 2.1. Customer's List. 


Step 5: Fromthis comparison find out whether the item is listed in the 
+=- catalogue. If it is listed, compare the quantity required (from 
List A) with the quantity in stock (given in List B). 
Step 6: Ifthe itemis listed in the catalogue and the required quantity is 
^ A available then place a tick mark (v) against the item name in 
List A. If it is not listed then place а cross (x) against the item 
name. 


LIST B 


Quantity in Price/Unit 
Stock (in Ка.) Rs. 


Rice 
Salt 
Sugar 
Tuvardal 
Wheat 


Table 2.2. Partial Catalogue arranged alphabetically. 


Step 7: Subtract the quantity required by the customer (List A) from 
the quantity in stock (List B). 


Step 8: 
Step 9: 
Step 10: 


Step 15: 


Step 16: 


MAN AND MACHINE 13 


Enter the result in column 2 of List B. 
Take out the item and place it in front of the customer. 
Now start preparing the Bill (Table 2.3). Enter the name of the 
customer from List A against Name ....... in the Bill. 

There are four columns in the bill—item name, quantity, 
price per unit, total price. Enter item name if it is ticked and the 


required quantity from List A under columns 1 and 2 
respectively of the Bill. 


: From the catalogue (List В) find the price per unit of the item 


and enter it in column 3 of the Bill. 


: Multiply the contents of column 2 by the contents of column 3 


and enter it in column 4 of the Bill. 


: Repeat steps 4 to 12 for every item in the customer's list until 


no more item remains unmarked in the customer's list. 


+ Check whether all the items have been taken out from the 


stock room and placed near the customer to collect. 
Name of customer : R. RAMAN 


Price/Unit Total Price 
Rs. Rs. 
И edite 
5.00 


3.80 
5.50 
0.50 


Grand Total Rs. 130.20 


Table 2.3. Bill (presented to customer). 


Now add the total prices in column 4. Note the sum against 
Grand Total. 


Hand-over the items and the Bill to the customer. 


22 Characteristics of Step-by-step Procedures 


We can clearly see from the above step-by-step procedure that what 
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seemed to be a very simple, day-to-day activity has turned out to be a task 
involving 16 steps! И we include more details, the number of steps is 
bound to increase. A close look at these steps helps us to understand 
some important features of the way we will have to give instructions to get 
someone to perform simple day-to-day tasks. These features are given 
below: 


1. 


In order to perform а task it is necessary to perform a sequence of 
sub-tasks. Each sub-task may involve taking simple decisions and 
carrying out specified actions. While experienced people set up and 
follow these unconsciously, inexperienced ones will have to be told 
clearly what to do and when. 


These instructions have to be precise. They must not be vague. For 
example, step 6 in our example asks the shop assistant to put a tick 
mark (v^) against the name of an item if it is available in the shop. But 
this step is not precise. Why? Because, this instruction does not say 
what to do if only part of the quantity requested by a customer is 
available. Suppose a customer asked for 40 kgs. of rice but the shop 
has only 20 kgs. of rice in its stock at that moment. What should the 
assistant do? The shop assistant is assumed not to be very 
intelligent, so we should have written step 6 as follows: 


‘Step 6 : If the item is listed in the catalogue and is available in full 
(as specified by the customer) then put a tick (v^) mark against the 
item name in the customer's list (List A). If only a partial quantity is 
available, write ‘P’ against the item name in the customer's list.’ 
Correspondingly steps 7 and 10 should also be changed. The 
changes in these'steps are left as an exercise for you. 


Each step should lead to a meaningful action, i.e., in our example, 
the instructions must be such that the shop assistant would be able 
to carry them out. Each step we have given has a definite meaning 
and the assistant can do it. If he kept on asking for clarifications one 
after another, the owner might get irritated and say ‘Go to Hell’, But, 
this however, cannot appear as an instruction or a step in the 
procedure given to the assistant. For the assistant cannot be 
expected to literally follow it! 


Some information (or INPUT) has to be given to the assistant to 
enable him to carry out the task. The input consists of instructions to 
the assistant and the data required to perform the task. In this 
example, the input is the listing of the 16 steps to be carried out 
followed by the two lists A and B, which form the data. 


10. 
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Another important sub-task to be performed is the matching of 
items given in the data, e.g. the checking of items in List A with 
those in List B. The characters in the item names in List A should 
exactly match the characters in List B. For instance, if the customer 
has written Thurdal 3 kgs. and the catalogue listed Tuvardal, 
characters would not match and the assistant would mark the item 
in List A to be not in the catalogue unless he is explicitly told that 
both spellings are allowed. 


Arithmetic operations such as addition, subtraction, multiplication 
and division are required to solve many problems. In our example, 
the assistant is required to perform multiplication and addition 
operations to calculate the total price of each item and to find the 
grand total. 


In addition to arithmetic operations, problem-solving involves some 
logical decisions also. For instance, the shop assistant has to check 
whether an item is available or not. If it is available, he has to put a 
tick mark (>). If it is not available, he has to put a cross mark (x). 
Such a step is called a logical decision. 


During the performance of an action, intermediate results have to 
be stored. In this example, column 4 of the bill acts as the 
intermediate storage where the total price of each item is stored. 


At the conclusion of a task, the results obtained will be recognizably 
different from the initial information or input with which we started. 
In our example, the final bill handed over to the customer—prepared 
using Lists A and B—is the OUTPUT which is different from Lists A 
and B. 


Irrespective of the number of items in Lists A and B, the sequence of 
steps followed by the assistant remains the same. The same steps 
are to be carried out whether the bill has to be prepared for 10, 20 or 
50 items. The steps get repeated as many times as there are items 
on the list. Similarly, irrespective of the changes in the price of items 
listed in the catalogue, the steps and their sequencing remain the 
same. 


All the points listed above show that the same framework can be 


used for preparing any number of bills day after day. Once the owner 
clearly writes down all the steps and the shop assistant memorises these 
steps, the assistant can do his job every day without depending on the 
owner. 
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23 The Organization of a Computer 


Now we shall see how а computer can perform the operations 
carried out by the shop assistant. What operations does the shop assistant 
perform? Не first reads the instructions and memorises them. While 
following the instructions he reads the data, namely Lists A and B, for 
selecting the items for the customer and for preparing a bill. Next, as per 
the instructions, he multiplies the quantity of item given in List A by the 
corresponding price found in List B and writes them in column 
4 of the bill. Finally, he adds up the totals and calculates the grand total 
and urites out the bill. All along he follows the correct sequence of steps 
and carries out all the instructions accurately. 


Now if à computer has to do all these operations, it would require 
various units to perform the tasks and to co-ordinate the operations. Such 
units form the different parts of a computer (see Fig. 2.1). A computer has 
an INPUT UNIT which reads the list of instructions and the data. It has a 
MEMORY which stores the instructions and data such as the catalogue, 
and intermediate results like the entries in column 4 of the bill. 
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A mputer has a < ENTRAL PROCESSING UNIT mprising of à 
CONTROL UNIT and an ARITHMETK OGIC UNIT. The control 


И Interprets each « f the n ry and directs 
the various units to carry the j n the correct 
sequence. The arithmetic and log mit calculates and takes logica 
decisions. Finally it has an OUTPUT UNIT which writes « it the results of 
the calculations 

So basically a computer has (ош units-(1) Input 


Unit (2) Memory (3) Central Processing Unit (4) Output Unit. In 
order to clarify the functions of the various units of a computer we can 


compare them with different parts о! a human being 


l Input Unit 


The input unit of a computer is similar to our ‘eyes and ‘ears’ through 
which we receive information. In a computer, information is read thre шаһ 
devices such as keyboards, optical readers, etc. which act as its ‘eyes’ and 


'ears 


Fig. 2.2. Photograph of а desk top computer. 
Courtesy: OMC Computers Ltd. 
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2. Memory 


The memory or storage unit of a computer is equivalent to our 
memory, controlled by the brain, where information is registered. 
In this unit, instructions, data, intermediate results of any calculation and 
final output are stored and can be retrieved when necessary. 


3. Central Processing Unit 


The Central Processing Unit, CPU in short, is like our brain. Н 
consists of two units called the Control unit and Arithmetic and Logic Unit. 
Just like the rear part of our brain ('hind brain’) which controls the main 
automatic functions of our body, the control unit controls and directs the 
other units of a computer. The Arithmetic and Logic Unit is like the front 
part of our brain (fore brain) which performs 'the higher' mental functions 
like calculations, logical reasoning and so on. 


4. Output Unit 


The output unit of a computer is like our mouth with which we speak 
and like our hand with which we write. The computer outputs the results 
using a printer, a television screen etc. 


SUMMARY 


l. Since computers solve problems like we do, we have to first 
understand how we solve problems. 


2. We have to first clearly put down each step for solving a problem such 
as preparing a bill of sale. 


3. If a new shop assistant is preparing а bill of sale, he has to be given 
precise, unambiguous step-by-step procedure. Even trivial details have 
to be included as we have to assume that hedoes not have common- 
sense. 


4. Since a computer also performs actions in Steps, we related its 
operations to the operations of the clerk. 


5. A computer performs these operations using its various parts, namely, 
Input Unit, Memory, Central Processing Unit and Output Unit. 


6. We may compare a computer to a human body. The input unit of a 
computer is like our eyes and ears; the memory is similar to our brain; 
the central processing unit is analogous to our hind brain; the output 
unit is like our mouth and hand. 
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EXERCISES 
Why is it essential to write a detailed step-by-step procedure for 
preparing a bill of sale for use by a novice shop assistant? 
What are the characteristics which are evident in such a step-by- 
step procedure? 
Suppose a customer places an order for ЗО Каз. of rice and the shop 
has only 15 kgs. of rice in store. Assuming that the shop assistant is 
а new recruit and not a very intelligent person, what precise 
instructions should be given to him to handle this situation? 


What is meant by matching the name of an item in a customer list 
with the names of items in a catalogue. Why is it important to look 
for an exact match? 

Does the sequence of instructions given to the shop assistant vary 
from customer to customer while he prepares bills for different 
customers? 

What are the basic operations the shop assistant performs while 
preparing a bill of sale? 

What are the units of a computer which perform the operations 
followed by the shop assistant? 

Explain the functions performed by the following units of a 
computer: (i) Input Unit, (ii) Memory, (iii) Central Processing 
Unit, (iv) Output Unit. 

What does a central processing unit comprise of? 

Which unit of a computer is similar to our ‘eyes’ and ‘ears’ through 
which we receive information? 

Why is a comparison drawn between the human brain and the 
memory of a computer? 

Which part of a computer controls and directs its other units? 


2.13 What are the similarities between our fore-brain and the Arithmetic 


2.14 
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2.18 


and Logic unit of a computer? 

Write a step-by-step procedure to make a cup of tea. 
Give a detailed procedure to brush your teeth. 

What are the detailed steps involved in polishing shoes? 


Write the sequence of operations followed by a shop assistant in a 
cloth shop for selling different types of cloth. 


Write a step-by-step procedure to fill a bucket with water. 
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UNITS ОЕ А COMPUTER 


CONCEPTS : 


This chapter deals in detail with the following: 
1. Input unit using which information is fed into a computer 
2. Memory in which instructions and data are stored 
3. Central processing unit and its constituents—Arithmetic 
and Logic Unit; and control unit which actually processes 
the data 
4. Output unit using which results are displayed | 
5. Auxiliary or peripheral devices which are attached to a 
main computer 
6. Data entry device which is used to prepare and store data 
and programs in a magnetic medium so that they can be 
fed as input to a computer. х 
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CONTROL ARITHMETIC 
UNIT LOGIC 
UNIT 


с-----------------------=4 


CENTRAL PROCESSING UNIT 


Fig. 3.1. Block diagram of a computer. 


Fig. 3.2. Photograph of a keyboard. ^ Courtesy: Indchem Electronics Ltd. 


In this chapter we shall study in detail the individual units of a 
computer. Fig. 3.1 is a block diagram showing these units. 


31 Input Unit 


The INPUT UNIT reads instructions and data into a computer's 
memory. Several devices are available for doing this. Let us look at some 
of these devices. 


3.11 Keyboard 


The most common input device is a keyboard (Fig. 32). A 
computer keyboard looks very much like an ordinary typewriter 
keyboard which is familiar to all of us. A computer keyboard in 
addition to the letter and number keys of ordinary typewriters, has some 
special keys for special functions. For example, there are keys to correct 
mistakes in inputs, to insert data and so on. 


312 Video display unit 


A computer keyboard is generally attached to a video display unit 
which is like a television screen. As we type the letters on the keyboard, 
they appear on the video display unit (Fig. 3.3). Let us see how. We pressa 


Fig. 3.3. Photograph of a video display terminal. 
Courtesy : Digital Equipment Corporation. 
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letter, say, 'R' on the keyboard. The key sends a series of electrical pulses 
to the computer. The pattern of the pulses represents a code for that 
particular letter. The computer receives the code, interprets it, and 
displays the letter ‘В’ on the screen. 


The advantage of having a video display unit is that, as we type, we 
can see what is being fed into the computer. So, if we make a mistake, we 
can immediately spot it and correct it by using the special keys known as 
edit keys. 


3.2 Memory 


When we receive some instructions or information, we retain them in 
our memory, don't we? Similarly, a computer stores the instructions for 
solving a problem, the data to be processed, the intermediate results and 
the final result until they are displayed. This storage unit is known as the 
computer's MEMORY or STORE. 


We can think of the memory unit as consisting of a number of boxes 
(see Fig. 3.4). Each of these boxes has a label which we have shown as A1, 


Fig. 3.4. Memory unit of a computer. 


A2, АЗ etc. in Fig. 3.4. These labels are called addresses. These are similar 
to the addresses that identify our homes. Each box in the memory has a 
unique address and we can store a piece of data in each. We can send data 
into or receive data from the computer's memory by specifying the 
appropriate ‘address’. When we send data for storing in a specified 
address it replaces the data which was there earlier. When we read data 
from a specified address in memory we essentially get a copy of the data 
stored there; the original data stored remains there. 
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33 Central Processing Unit 


After a computer receives instructions and data from an input unit 
and stores them in its memory it has to execute the instructions given to it. 
This is done by the Central Processing Unit, CPU in short. The CPU 
consists of a CONTROL UNIT and an ARITHMETIC AND LOGIC UNIT. 
The control unit, as the name indicates, controls the operations of all the 
units of a computer. It brings one instruction at a time from the memory, 
interprets it and obeys it by co-ordinating the working of all the other 
units. The control unit tells the input unit what is to be read and the 
address in memory where it is to be stored. It instructs the memory to 
store the data in the specified address. It orders the arithmetic logic unit 
what operations are to be performed, where to find required data, and 
where to store the results. Lastly it tells the output devices the address in 
memory, from where the results should be taken and how the results 
should be displayed. 


The control unit strictly obeys the instructions given by us, follows 
the instructions in the same sequence and executes them one after 
another until the entire set of instructions is exhausted. 


The Arithmetic and Logic Unit (ALU) performs a number of 
arithmetic operations such as addition, subtraction, multiplication and 
division. It can compare two numbers and find which one is larger. It can 
also perform logical operations such as ‘if A > B, then Print A, else Print 
B’. The Arithmetic and Logic Unit is also capable of matching characters. 


In the example we analysed in the last chapter, the shop assistant 
reads an item in the customer's list (List A) and then looks up the 
catalogue (List B) and sees whether an item in List A is available or not. In 
this process he compares each character in the name of the item in List A 
with each character in the first item name in List B. This operation is 
repeated with successive items in List B, till he finds an exact match 
between the two sets of characters. It is the Arithmetic and Logic Unit of a 
computer that performs this act of ‘matching characters’. 


34 Output Unit 


Once the solution of a given problem is computed and stored in the 
memory, it must be presented in a form, which is intelligible to the user. 
This action is performed by the OUTPUT UNIT. An output can be an 
answer to a mathematical problem, a graph, a printed report, a drawing, 
or a table of numbers. 
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In order to display any of these forms of output, a computer requires 
one or more output units. The output units commonly used are: (i) an 
alphanumeric display unit (ii) a printer(iii) a graphic display unit.[To be 
described in detail in Chapter IV.] 


35 Solving a Simple Problem 


Now that we have understood the parts of a computer, let us take а 
very simple problem and see how the different parts of a computer work 
together to solve it. 


Problem: Multiply two numbers A and B and print the result C. 
We have to first write a set of instructions to solve the problem. 


READ A 

READ B 

MULTIPLY A BY B 
STORE ANSWER IN C 
PRINT C 

STOP 

DATA 5,4 


When these instructions are to be obeyed by a computer, we have to first 
write them out in a language that the computer can understand. 
Assuming that these instructions are in such a form, we will now closely 
follow the steps a computer performs to solve the given problem. 


First the input unit reads the instructions and stores them in the 
memory unit. 


The control unit now calls up the first instruction, namely, ‘READ A’ 
from the memory and places it in the CPU. The CPU interprets it, 
and orders the input unit to READ, the first number of DATA and: 
store it in a box labelled A in memory (see Fig. 3.5). In this example 


MEMORY 


Fig. 3.5. After Read A. 
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the number 5 is stored in A. After this job is over, it turns to the next 
instruction, namely, 'READ B' interprets it, and orders the input unit 
to read another number (in this example 4) and store it in a box 
labelled B (Fig. 3.6). 
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Fig. 3.6. After Read B. 


The control unit now takes up the next instruction ‘MULTIPLY 
A BY B' and interprets it. Once it sees that an arithmetic operation is 
involved, it orders the Arithmetic and Logic Unit (ALU) to bring the 
numbers stored in boxes labelled A and B in the memory and 
multiply them. The result is kept in ALU. 

The control unit then reads the next instruction 'STORE 
ANSWER IN С. It then orders the ALU to send the answer (namely 
4 x 5-20) tothe memory and store it in a box labelled C (see 
Fig. 3.7). 


MEMORY 


Fig. 3.7. Store answer in C. 
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After this step the control unit reads the next instruction 'PRINT С. 
Now it directs the output unit to bring the number stored in the memory in 
a box labelled C (in this example the number 20) and print it. 


Lastly, the control unit reads the instruction ‘STOP’ and stops all the 
operations. 


36 Auxiliary or Peripheral Memory Devices 


We have so far seen what the main units of a computer are, and how 
they operate. In addition to these, there are some other units which are 
called auxiliary or peripheral devices. 


Sometimes a very large quantity of data may have to be stored and 
processed by a computer but the space available in the main memory may 
not be sufficient. In such cases, we will need some storage units in addition 
to the main memory. A unit which provides such an additional storage is 
called an auxiliary memory, or peripheral memory. This is similar to our 
keeping a diary or a note book when our memory is incapable of storing 
very many facts and figures. We refer to our diary whenever we need the 
data. In the same manner, extra information stored in a peripheral 
memory can be retrieved by a computer when necessary. 


We shall now discuss two types of auxiliary memory devices. 
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Fig. 3.8. A floppy disk being inserted in a floppy disk drive. 
Courtesy : Hewlett-Packard Company. 
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161 Floppy disk 


A floppy disk is a very popular form of auxiliary storage (Fig. 3.8). It 
resembles a 45 rpm phonograph record. It is made of flexible magnetic 
material and hence the name ‘floppy’. It is placed іп a cardboard jacket, 
which has a slit to accommodate a read/write head. A floppy disk acts like 
à combination of a record album and a recording tape. It spins like 
a record album and information is recorded on concentric tracks similar 
to those in a record. It is like a recording tape in the sense that we can 
erase and record 'over' the information that is already on the disk 


When a floppy disk is inserted into a machine called a ‘floppy disk 
drive’, the computer can read data from the disk or write data on it 


362 Magnetic tape 


Another external medium on which we can store instructions and 
data for use by a computer is the magnetic tape (Fig. 3.9). A magnetic 


— 


Fig. 3.9. A magnetic tape unit. Соипезу: Кеппеду Согрп. 
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tape is a long plastic ribbon (usually y wide) which is wound on a reel, 
The plastic material is coated with an iron oxide mixture. The iron oxide 
mixture can be easily magnetized. The data we feed in are recorded in the 
form of magnetic spots on the surface of the tape. The magnetic tape has 
many advantages. It is very economical since a lot of information can be 
stored on it. It is very compact to handle and transport. Besides, we can 
easily correct errors by writing over the information that is already there. 


3.63 Cassette tapes 


Cassette tapes, similar to the ones used in audio cassette record 
players, can also function as auxiliary memory devices. We can store a 
copy of any program on a cassette and then load it into the machine when 
required. If we want a new program in place of an old one, the former can 
be recorded over the latter, as in the case of the magnetic tape. High 
quality recording for computers is done on special digital cassette tapes. 
For storing small quantities of data or small programs in a home 
computer, inexpensive audio cassette tapes and recorders are used. 


3.7 Auxiliary Input Units 


Both floppy disks and magnetic tapes can serve as input units also. 
Whenever a large number of instructions or data have to be fed into a 
computer, they can be pre-recorded on a floppy disk or a tape and kept 
ready for reading into the main memory of a computer. If we use 
keyboards as input devices we will be wasting a lot of valuable computer 
time, because manual input is bound to be slow. So it is advantageous to 
pre-record instructions and data on a floppy disk or a magnetic tape 


and feed these to a computer straightaway so that the computer is not 
kept idle. 


3.8 Data Entry Device 


Let us see. how we can enter data on a floppy disk. In order to read 
data we use a machine called a key-to-floppy data entry device. It has а 
keyboard similar to the typewriter keyboard. In addition to ordinary keys 
the data entry keyboard has some special keys. This keyboard is attached 
to a display unit which displays what we type in. A floppy disk is inserted 
into a slot in the machine. As we insert the floppy, it is held firmly inside. 
When we turn the switch on, the floppy disk revolves at a constant speed. 
A magnetic head is positioned over the disk. The electrical pulses 
produced by the keyboard when a character is typed is stored as a set of 
magnetized dots on the surface of the floppy disk. 


11. 
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SUMMARY 


The input unit, memory, central processing unit and the output unit 
are the primary units of a computer. 


A keyboard which is very much like an ordinary typewriter 
keyboard with an associated video display unit is commonly used as 
an input unit. 


The memory unit of a computer consists of a collection of ‘boxes’ 
each with a unique label. This label is called the address. 


The central processing unit of a computer consists of a control unit 
and an Arithmetic and Logic Unit, 


The control unit interprets instructions and coordinates the 
activities of all the other units in a computer. 


The Arithmetic and Logic Unit performs operations such as 
addition, subtraction, multiplication and division and logical 
operations. 

An alphanumeric display unit, a printer and a graphic display unit 
are some of the commonly used output units. 

In order to solve a problem using a computer, first a set of 
instructions are written. This is stored in the memory of the 
computer. Then each instruction is taken to the control unit and 
interpreted. Operations specified by the instruction are carried out 
by the various units of the computer under the overall coordination 
of the control unit. 


Sometimes when we require extra memory space we use auxiliary 
memory devices. 


Floppy disks, magnetic tapes and cassette tapes are some of the 
auxiliary memory units. 


Floppy disks and magnetic tapes can be used as input devices also. 


Data is entered on a floppy disk using a key to floppy data entry 
device. 


EXERCISES 


3.1 What is the purpose of an input unit of a computer? 
3.2 Howisa character typed on a keyboard transmitted to a computer? 
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3.3 What is a video display unit? What is its use? 
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What is the purpose of a memory in a computer? 

What is a good model to represent a memory? 

What is the Central Processing Unit (CPU) of a computer? 
What are the parts of a CPU? 

What is the primary job performed by a control unit? 
What is the primary job performed by ALU of a computer? 
What is the purpose of an output unit of a computer? 
What are the commonly used output units? 


Explain how the problem “Ааа two numbers and print the result' is 
solved by a computer. 


Why are auxiliary memory units needed in a computer? 
What is a floppy disk? 
How is data stored in a floppy disk? 


In what way is a floppy disk similar to a 45 rpm record? In 
what way is it different? 


What is a magnetic tape? 

How is data stored in a magnetic tape? 

What are the advantages of using magnetic tapes for storing data? 
What is a cassette tape used for? 


What is the advantage of using cassette tape as opposed to large 
magnetic tapes? 


Can audio cassette tapes be used as an auxiliary memory of a 
computer? 


Can home television set be used as a peripheral unit of a computer? 
If yes, as what unit? 


How can a floppy disk be used as an input unit of a computer? 
What is a data entry device? 

Can a floppy disk be used in a data entry device? 

Can an audio cassette tape be used in a data entry device? 
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MORE ON INPUT/OUTPUT 
. UNITS 


CONCEPTS : 


In the last chapter we studied about the main parts of a computer. 
Among these main parts we discussed some of the input and output units. 
In this chapter we will examine the following special input and output 
units. 


1. МРОТ UNITS 


Magnetic Ink Character Recognition (MICR) 
Optical Mark Reading and Recognition (OMR) 
Optical Character Recognition 

Bar Coding. 


Line Printers Daisy wheel 


Drum Printer plotter 
Chain Laser Printer 
Serial Printers | | Micro film 


Dot matrix | Graphic Display Unit 


If no data is fed for a couple of days, this is what 
happens! 


* Courtesy: ВК. Laxman: Science Today. 


In the last chapter we discussed some of the common input and 
output units—keyboard, video display unit, floppy disk and magnetic 
tape. There are some other special purpose units to input information 
to computers and to output the results. We will briefly describe them 
in this chapter. 
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411 Magnetic ink character recognition (MICR) 

Іп this method, human-readable characters are printed оп 
documents using a special magnetic ink. А magnetic ink character reader 
can recognize such characters. For instance, in a cheque the branch code, 
account number, and cheque number are preprinted at the bottom using 
magnetic ink. The amount of the cheque is later entered by a clerk using a 
machine which prints the amount with magnetic ink. The cheque itself can 
now be read using a special input unit which can recognize magnetic ink 
characters. This method eliminates the need to manually enter data from 
cheques into a floppy or punched card. Besides saving time, this method 
ensures accuracy of data entry. Fig. 4.1 illustrates magnetic ink character 
fonts. 


Fig. 4.1. Photograph of magnetic ink characters. 


4.12 Optical mark reading and recognition (OMR) 
In this method special preprinted forms are designed with boxes 
which can be marked with a dark pencil or ink. Each box is annotated 
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distinctly so that the user clearly understands what response he is 
marking. Such a document is read by a document reader which 
transcribes the marks into electrical pulses which are transmitted to the 
computer. 


These documents are applicable in areas where responses are one 
unit of a small number of alternatives. They are used for: 


(i) Objective type answer papers in examinations in which a large 
number of candidates appear. 


(ii) Market surveys, population surveys etc. where responses can be 
restricted to one or more out of a few possibilities. 


(іі) Order forms containing a small choice of items. 


(iv) Time sheets of factory employees in which start and stop times 
may be marked. 


The advantage of this method is that information is entered at its 
source and no further transcription is required. This minimises 
unreliability of data. The main disadvantage is the need for accurate 
alignment of printing on forms and the need for good quality expensive 
paper. The form cannot be redesigned frequently because any change will 
require reprinting of the form, which is expensive. 


413 Optical character recognition (OCR) 


The idea in this case is to have a system which can read printed 
characters directly and convert them into appropriate codes and store 
them in a computer. Eventhough this looks extremely attractive, it has not 
been very successful due to the high cost of character recognition 
equipment. Special fonts for typing/printing have been designed which 
are read by optical character readers. The character set is, however, 
restricted. 


414 Bar coding 


In this method small bars of varying thickness and spacing are 
printed on books, packages, badges, tags, etc., which are read by optical 
readers and converted to electrical pulses. The pattern of bars is unique 
and standardised in some countries. For example in U.S.A. each grocery 
product has been given a unique 10-digit code and this is represented in 
bar code form on every container. Fig. 4.2. illustrates bar code ona 
product. 
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SOFT -WHITE 


LIGHT BULBS 


45168 90002 
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WATT 
Avg. lumes 440 
Avg. life 1500 Hours 
TWO BULBS 
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Fig. 4.2. Photograph of bar coding for products. 


42 Output Units 


There are four principal devices to output information—a video 
terminal, printer, computer output microfilm and graphic display device. 
Printing is currently the most common method to output information. 
Microfilming is expensive and used only in special cases. 


4.2.1 Printers 
Printers are of various types: 
Printers 
[ — А 
Line Serial Laser 
Printers Printers Printers 
[ | 

Drum Chain Dot Daisy Printer 
Printer Printer Matrix Wheel Plotter 
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422 Line printers 

A line printer prints one line at a time. Printing speeds vary from 150 
lines to 2500 lines per minute with 96 to 160 characters on a 15 inch line. 
Six to eight lines are printed per vertical inch. We can buy printers with a 
variety of character sets. Usually 64 and 96 character sets are used 
for English letters. 

There are two types of Line Printers: 

(a) Drum printers, 
and (b) Chain printers. 


Drum Printers 


А drum printer consists mainly of a cylindrical drum. The characters 
to be printed are embossed on its surface (Fig. 4.3). The codes of all the 


Signal-synchronized hammers Paper 


characters to be printed on one line are transmitted from the memory of 
the computer to a storage unit in the printer. The printer drum is rotated at 
a high speed. А set of print hammers—one for each character in a line-are 
mounted in front of the drum. A character is printed by the striking of the 
appropriate hammer against the embossed character on the surface. A 
carbon ribbon and paper are interposed between the hammer and the 
drum. As the drum rotates, the hammer waits until the character to be 
printed appears in front of it. Thus the drum would have to complete one 
full revolution for a line to be printed. The movement of the drum and the 
striking of the hammer must synchronize accurately. Otherwise, the 
printing will not be uniform. As printer drums are expensive, they cannot 
be changed often. 
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Chain Printers 


A chain printer has a steel band on which the character sets are 
embossed. For a 64-character set printer, 4 sets of 64 characters each 
would be embossed on the band. For printing a line, all the characters in 
the line are sent from the memory to a temporary store in the printer. 
The band is rotated at a high speed. As the band rotates, a hammer is 
activated when the desired character as specified in the temporary store 
comes in front of it. For a printer which prints 132 characters per line, 132 
hammers will be positioned to strike the carbon ribbon which is placed 
between the chain and the paper. In this printer also the hammer 
movement and chain movement should be accurately synchronized. Bad 
synchronization leads to blurred lines. Wavy lines do not appear in such 
printers as the characters are moved horizontally by the chain. 


Fig. 4.4. Photograph of a line printer. 
Courtesy: Digital Equipment Corporation. 
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The main advantage of chain printers is the ease with which 
chains may be changed. Thus different fonts and different scripts may be 
used with the same printer. Line printers are normally designed for heavy 
printing applications and can operate continuously for a few hours. Fig. 
4.4 is a photograph of a line printer. 


423 Serial printers 


Serial printers print one character at a time, with the print head 
moving across a line. They are similar to typewriters. Serial printers are 
normally slow (30 to 300 characters per second). 


Dot Matrix Printer: The most popular serial printers are called 
'dot matrix' printers. In such a printer the print head consists of a 9 x 7 
array of pins. Characters to be printed are sent one character at a time 


Print Wires 


Fig. 4.5. А dot matrix print head. 


from the memory to the printer. The character code decoded by the 
printer electronics activates the appropriate pins in the print head. These 
pins are moved forward to form a character and they hit the carbon ribbon 
in front of the paper thereby printing that character. Many dot matrix 
printers are bidirectional, that is, they can print one line from left to right, 
and on return, print the next line from right to left. This speeds up printing. 


An advantage of dot matrix printers is the possibility of converting 
them to print alphabets other than English. It is possible to adopt them to 
print Devanagari script, Tamil Script, etc. 


Character printers are less expensive compared to line printers. But 
they cannot be used continuously for more than an hour or two and are 


thus called "light duty' printers. Fig. 4.5 depicts the print head of 
a dot matrix printer. 
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Fig. 4.6. Photograph of a daisy wheel and a printed line produced by it. 


Letter Quality Printers 

As acharacter produced by a dot matrix printer is made up of a finite 
number of dots, the appearance of the printed output is not very good. For 
better looking output with characters represented by sharp continuous 
lines, a character printer known as the daisy wheel printer is used. The 
daisy wheel is a flat plastic or metal disk on whose rim all the characters 
are embossed. The daisy wheel is mounted on a carriage which can 
move from left to right (and back) and can also rotate. Characters to be 
printed are sent serially to the printer. The movable carriage positions 
itself at the print position and rotates so that the character to be printed 
appears in front of the printer ribbon. The carriage now tilts and the 
embossed character strikes the ribbon and an impression is made on the 
paper mounted behind the ribbon. The carriage now moves one character 
position to the right and rotates the daisy wheel so that the next character 
to be printed is positioned correctly and the character is printed. 


The main advantage of the daisy wheel printer is the excellent 
quality of the print produced by it. Another advantage is the inter- 
changeability of daisy wheels. Thus one may mount one of a variety of 
wheels depending on the type of printing required. Fig. 4.6 illustrates a 
daisy wheel and the printed output obtained using this wheel. 
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Printer Plotters 
Graphical output is highly desired in many computer applications. 


Fig. 4.7. Photograph of a printer plotter. 

Courtesy : Digital Equipment Corporation. 
Dot matrix character printers with special print heads available now make 
graphical outputs possible. These print heads move from left to right and 
right to left, and print in both directions. The paper can also be moved up 
and down. This enables the printer to draw graphs, pie charts, etc. Some 
printers come with multi-colour ribbons. А photograph of a printer 
plotter is shown in Fig. 4.7. 


Special Plotters 


In addition to printer plotters, special plotters to produce good 
quality drawings and graphs are now available in the market. There are 
two types of plotters: drum plotters and flat-bed plotters. 


4.2.4 Laser/Xerographic printers 


In the line and drum printers the motion of the print head is 
mechanical and hence very slow. Laser/Xerographic printers were 
developed to eliminate mechanical motion and thus make printing fast. In 
these printers, an electronically controlled laser beam traces out the 
desired character to be printed on a photoconductive drum. The drum 
attracts an ink-toner on to the exposed areas. This image is transferred to 
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the paper which comes in contact with the drum. Such printers print over 
10,000 lines per minute. At present the fast printers are very expensive 
and cost around $300,000. Recently low-speed laser printers which print 
about 10 pages a minute have been introduced in the market. These are 
inexpensive and cost around $5,000 


43 Computer Output on Microfilm or Microfiche 


Microfilm is often used to store massive data in a compact form. The 
output from the computer, instead of being printed on a line printer, is 
displayed on a high resolution cathode ray tube. This is photographed on 
a 35 mm. film. A camera is controlled to film successive output pages on 
the screen of the cathode ray tube. A special microfilm reader is used to 
read the output. Some microfilm readers also produce a hard copy using 
Xerography. 


Fig. 4.8. Photograph of a graphic terminal. 
Courtesy: OMC Computers Ltd., Hyderabad. 
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In some systems, the microfilm is converted to a microfiche form. A 
microfiche is a 4" x 6" sheet of film that holds 98 frames of 8" x 11" 
page images reduced 24 times. It is easier to read microfiche with a 
microfiche reader than microfilm. Microfiche is also easier to mail 
between locations. 


44 Graphic Display Device 


Video terminals capable of displaying graphs and pictorial data are 
becoming popular with computer users. Monochrome as well as 
multicolour terminals are available. Such terminals are particularly useful 
since pictorial information enhances one's understanding of solutions to 
problems. Fig. 4.8 illustrates a graphic terminal. Usually devices to input 
graphical information—called graphics tablets—are also attached to such 
terminals. A digitizing tablet (Fig. 4.9) locates the coordinates on its 
surface by the tip of a stylus positioned by the user and feeds these 
coordinates to the computer. One method of locating coordinates is to 
feed electrical pulses to the tip ofthe stylus. These pulses are picked up by 
electrodes embedded on the tablet. The position of the electrode which 
picks up a particular pulse locates the X-Y coordinates of the stylus. 


Fig. 4.9. Photograph of a graphic tablet. 
Courtesy: Hewlett Packard, Inc. 
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Some video terminals have a light-pen attachment. The light-pen 
may be pointed to a part of a graph or a figure on the cathode ray screen 
to alter it. 


1. Data to be processed by computers originate as written documents. 
It is necessary to convert these to a form readable by computers' 
input units. 


2. The commonly used input units are keyboard attached to video 
terminals, floppy disk reader, and magnetic tape readers which 
were discussed in the last chapter. Besides these, magnetic ink 
character readers, optical mark readers and bar code readers are 
also used for specific applications. 


3. The most common output devices are video display units, printers, 
and graphic display devices. 


4. Printers are classified as line printers, serial printers, and laser 
printers. 


5. Line printers are of two types: drum printers and chain printers. 


6. Two commonly used serial printers are dot matrix printers and 
daisy wheel printers. These print one character at a time. 


7. The daisy wheel printer produces excellent quality of print 
compared to both line printers and dot matrix printers. 


8. Graphical output may be obtained using special plotters. 


9. Video graphical display units also produce special monochrome 
and colour graphical output. 


10. Microfilms are very expensive and they are used for storing large 
amounts of data in a compact form. 


11. In some systems the microfilm is converted to a microfiche form. 


EXERCISES 


4.1 What are the different types of input units? 


4.2 What are the advantages of using magnetic ink characters on 
cheques? 


4.3 Where can optical mark readers be used? 


4.10 
411 
4.12 
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What is the purpose of using bar codes on items in a grocery store? 
What are the various types of output units? 
What are the types of printers used for printing the output? 


What is the difference between a line printer and a character 
printer? 


In what way is a chain printer better than a drum printer? 


What is the advantage of a daisy wheel printer compared to a dot 
matrix printer? 


How is the output produced on a microfilm? 
What are the advantages of a microfiche compared to a microfilm? 
What devices are used to obtain graphical output from a computer? 


CONCEPTS : 


When we want to solve a problem on a computer, we have to work 
out the solution as a detailed step-by-step procedure. A pictorial 


representation of such a procedure is called a flowchart. By the end of this 
chapter we will have studied: 


A definition of a flowchart 
Advantages of preparing flowcharts 
Symbols used in flowcharts 

. Developing flowcharts for some problems. 


CLEAN BRÜSH AND 
CLOSE TAP 
PUT BACK BRUSH 


Fig. 5.1. Flowchart for brushing teeth. 


In the previous chapter we discussed the various parts of a computer. 
Now we will examine the preliminary steps we have to follow for solving 
problems on a computer. 
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We have seen that a computer has to be fed with a detailed set of 
instructions and data for solving a problem. We also know that a 
computer cannot think on its own. We must thus think for it and give 
the procedure to it to solve any problem. 


Such a procedure which we call an algorithm is a series of steps 
arranged in a logical sequence. These steps have to be serial, i.e., one after 
another because the computer operates serially. А first step in evolving an 
algorithm is the preparation of what is called a flowchart, 


5.2 Purpose of a Flowchart 


A flowchart is essentially a picture or a diagram which' helps us 
define a procedure one step at a time, and arrange it in a logical sequence. 
It is necessary to draw a flowchart before writing a procedure because it 
gives a picture of the logical flow of operations. If there is any logical error 
in the procedure, we can easily identify the error just by looking at the 
flowchart. 


We will now analyse some simple problems and prepare flowcharts 


for them. As we draw the flowcharts, we will also learn the special symbols 
used in drawing them. 


53 Flowcharting Examples 


Example 5.1 Brushing teeth 


Everyday all of you brush your teeth, don’t you? It seems to be a very 
simple act. But when we analyse it in detail, we will find that there are 
many steps involved in this simple activity. Let us now write these steps in 
the form of a flowchart (Fig. 5.1). From the flowchart presented we can see 
that there are 14 distinct steps in this familiar act of brushing teeth! We 
also note that these steps have to be followed in the same order. 


49 
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In this flowchart we have used arrows and two types of boxes as 


symbols (see Fig..5.2). 


| 


Fig. 5.2. Some symbols used in a flowchart. 


А box with rounded edges stands for START and STOP operations. 
Rectangular boxes are meant for operations to be performed. We have 
used arrows connecting the boxes. These arrows indicate the logical order 
in which these operations have to be carried out. 


Inthe flowchart (Fig. 5.1), we noted the essential steps involved in the 
act of brushing our teeth. We can insert some more steps also. For 
example, we might add steps like ‘Fill water in a mug’, ‘Put the brush 
back in a brush-holder’, Wipe face’, etc. It is difficult to decide how much 
of detail we have to include in a flowchart. Essentially we have to 
remember that— 


(a) all important steps have to be written out ; 
(b) the steps must be such that it is possible to carry them out. 


Example 5.2 Going on a picnic 


Let us take another example and draw a flowchart in which we will 
use a new symbol. 


Suppose we plan to go on a picnic to a park on a holiday. If the 
weather is favourable then we can have an enjoyable picnic. But if it starts 
raining before we start we may have to choose an alternate way of 
spending the day, for instance, playing computer games or watching 
television. So when we plan the day for picnic we have to ask the following 
question— 


"[s it raining?" 
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We have to frame the question in such a way that there can be only one of 
two answers, namely, ‘Yes’ or ‘No’. We cannot have words like ‘perhaps’, 
‘probably’, etc. which are ambiguous. This is so because, as we saw in 
Chapter ЇЇ, the instructions we give to a computer should be precise. Our 
question, “Is it raining?" is well-formed because there сап be only one of 
two answers: 


ls it 
raining 
? 


Take an 
umbrella 


Go to 
friend's house 


Play 
Computer games 


Fig. 5.3. Flowchart for going оп a picnic. 
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1. YES— It is raining 
2. NO —It is not raining. 
This is a critical question because our decision to go or not to go 
on a picnic will depend on the specific answer. 
Let us now draw a flowchart for this problem. It is shown as Fig. 5.3. 


In this flowchart we have written the question inside a diamond-shaped 
box (see Fig. 5.4). This diamond-shaped box is called a decision box or 


Yes No 


Fig. 5.4. A decision box. 


question box. From the flowchart it is clear that if the answer to the 
question is Yes’, we follow the path marked ‘Yes’ and perform the actions 
specified on that path. If the answer is ‘No’, we follow the path marked ‘No’ 
and perform the actions on that path. In either case we finally arrive at a 
STOP instruction. 


In this example there was only one decision box. Sometimes we may 
have to use many decision boxes depending on the nature of the problem 
to be solved. 


Example 5.3 Execution of a flowchart 
Calculate C= A x B given the values of А and В. 
In Chapter Ш while describing the functions of different parts of a 


computer, we discussed a problem wherein we multiplied two numbers A 
and B and gave the answer C. 


Let us see what a computer does if the following flowchart (Fig. 5.5) 
is ‘stored’ in it. 


After the program is stored in the computer’s memory the control 
unit fetches the first instruction and orders the input unit to read a number. 


Step 0 


Step 2 


Step 3 


Step 4 


Multiply 
Step 5 Number stored in A 


by 
Number Stored in B 


Step 6 


Step 7 


Step 8 


Fig. 5.5(a). Flowchart to calculate C = A + B. 
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In Step 2, the memory unit stores the number which is read in a box 
labelled A. In Step 3, the control unit directs the input unit to read another 
number. In Step 4, this number is stored in a box labelled B in the memory 
unit. In Step 5, the control unit ‘orders the arithmetic and logic unit to 
perform the multiplication operation, namely, multiply the number stored 
in A by the number stored in B. In Step 6, the control unit directs the 
arithmetic and logic unit to send the result tp the memory unit to be stored 
in a box labelled C. In Step 7, the control unit directs the output unit to 
print the number stored in C. Finally in Step 8, the control unit directs 
the program to stop. 

The flowchart of Fig. 5.5(а) may be more concisely represented by | 
the flowchart of Fig. 5.5(b). Steps 1, 2, 3, 4 of Fig. 5.5(a) are combined 
and shown as Step 1 in Fig. 5.5(b). This step should be interpreted as 
"Read two numbers from the input unit and store them in A and B 
respectively", Steps 5 and 6 of Fig. 5.5(a) are combined and shown as Step 
2 of Fig. 5.5(b) Step 7 of Fig. 5.5(a) is concisely represented by Step 3 
of Fig. 5.5(b). Flowcharts in subsequent examples will use the concise 
notation of Fig. 5.5(b). 


Step 0 


Step 2 


Step 3 


Fig. 5.5(b). A concise representation for the flowchart of Fig. 5.5(a). 
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In the flowchart of Fig. 5.5(b) we have а new symbol, namely, а 


parallelogram (Fig. 5.6). This symbol is used for input and 
instructions. 


Fig. 5.6. Symbols for input and output. 


Example 5.4 Looping 

In the last flowchart we dealt with a very simple problem of 
multiplication of two numbers. But sometimes we may have to multiply 
several sets of numbers (as in the case of the shop assistant example we 
saw in Chapter II). In such a case we can draw a flowchart using a loop. Let 
us draw a flowchart for the shop assistant's task of preparing a bill of 
sale which involves repeated multiplications. The flowchart is shown as 
Fig. 57. 

In this flowchart an item quantity is read in Step 2 and the item 
price in Step 3. In Step 4 the total item price is calculated and it is 
printed in Step 5. Step 6 is the crucial step. Here we ask if any more items 
are left. If yes then we go back to Step 2 to read the next item quantity. 
Steps 2, 3, 4, 5 and 6 are repeated again and again until all the items are 
exhausted. Steps 2,3, 4, 5, 6, 2 form а ‘loop’. By using a loop we have been 
able to write a procedure for repeated multiplication without increasing 
the number of steps. Further, the same flowchart will be applicable for any 
number of items. If there is only one item, the path marked 'No' will be 
followed at Step 6 and computation stopped. If there are 100 items then 
the ‘loop’ will be repeated 100 times until the prices of all 100 items have 
been calculated and printed. 


By now we have become familiar with the common symbols used in 
flowcharts. There is another symbol, in addition to the symbols we used so 
far, known as the connector and it is a circle. The connector is used to join 
different parts of a flowchart when it extends beyond one page. 
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Step 1 


Read 
Item Quantity 


Step 2 


Step 3 Read 
Item price per unit 


Total Item price — Item quantity x Item price 
Step 4 


Print 


Step 5 Total Item price 
Step 6 Yes 

Sto 
Step 7 lj 


Fig. 5.7. Flowchart for preparing a bill of sale. 
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SUMMARY 


In this chapter we discussed flowcharts, an important tool in 
planning the solution to a problem on a computer. 


A flowchart is a pictorial representation of a sequence of 
instructions given to a computer. It also serves as a document 
explaining the procedure used to solve a problem. 


The following standardised symbols shown in Fig. 5.8 are used in 


preparing flowcharts: 


© 


(v) 


(iv) 


Fig. 5.8. Symbols used in a flowchart. 


(i) Rectangles with rounded edges are used to indicate START and 
STOP operations (Fig. 5.8 (1)). 

(ii) Parallelograms are used to represent INPUT and OUTPUT 
(Fig. 5.8 (ii). 

(ii) Rectangles are used to denote PROCESSING operations 
(Fig. 5.8 (iii). 

(iv) Diamond-shaped boxes are used to denote DECISIONS 
(Fig. 5.8 (iv)). 

(v) A circle is used to JOIN different parts of a flowchart 
(Fig. 5.8(v)). 
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5.6 


5.7 
5.8 
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5.10 


5.11 


5.12 


5.13 
5.14 
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EXERCISES 


What is a flowchart? Why is it called a flowchart? 


What are the various symbols used in a flowchart? What does each 
symbol represent? 


Drawa flowchart to explain in detail how you polish your shoes. 
Draw a flowchart to explain how you wash your face. 


Give a flowchart to explain how you would fill a bucket with water 
without the bucket overflowing. 


Assuming that you have a kettle, water and a stove, give a flow- 
chart to explain how you would boil water. 


Draw a detailed flowchart similar to Fig. 5.5 to calculate P = О/В. 


How would you alter the flowchart obtained in Exercise 5.7 to 
avoid division by 0? 


Prepare a flowchart to instruct a clerk to issue an item from a store 
only when it is available in the store. 


Extend the flowchart of Exercise 5.9 for the case when a customer 
gives a long list containing many items. 


Write a procedure to pick the largest of three numbers. Express the 
procedure as a series of steps in English. 


Draw a flowchart corresponding to the procedure developed in 
Exercise 5.11. 


Prepare a flowchart to add digits from 1 to 100. 


Given a set of integers, draw a flowchart to print only those integers 
which are > 0. 


Given a set of positive integers draw a flowchart to print 
only the even integers. 


PROBLEM SOLVING WITH 
COMPUTERS 


CONCEPTS : i 


We are now familiar with the concept and symbols of flowcharts. Our 
next step would be to examine how a flowchart is related to what happens 
inside a computer. By the end of this chapter we will have understood: 


1. the relationship between a flowchart ais its execution by 
a computer a 


the significance of using a computer in solving problems in 
which repetitive calculations are involved. 


Input 
Height 1, Height 2. Height 3 


Fig. 6.1. Flowchart for 


Н 
| 
i 


“Іп one moment Гое seen what has hitherto been 
Enveloped in absolute mystery, 
And without extra charge 1 will give you at large 
A Lesson in Natural History." 
—Lewis Carroll 


In the last chapter we discussed the purpose and utility of flowcharts 
which are essential tools for developing procedures to solve problems. 
After we prepare a flowchart to solve a problem, we have to express it in a 
lanquage called a programming language which can be ‘understood’ by a 
machine. Before we do this we must know how computers solve 
problems. We will understand this by analysing some examples. 


61 Solving a Problem 


Example 6.1 Finding the tallest boy 


Given the heights of three boys, find out who is the tallest among 
them. 


Let us see how we go about doing this. Our first step would be to note 
down the heights of the three boys on a piece of paper. Let us call these 
heights as Height 1, Height 2, and Height 3. In the next step, we compare 
Height 1 with Height 2. If Height 1 is larger than Height 2, we compare 
Height 1 with Height 3. If in the second comparison also Height 1 is 
larger, then, a boy whose height is Height 1 is the tallest. 

If in the first comparison, Height 2 is larger, then we compare Height 
2 with Height 3. If Height 2 is larger than Height 3 also, then the height of 
the tallest boy is Height 2. И, however, in the comparison of Height 2 with 
Height 3, Height 3 turns out to be larger than Height 2, then the height of 
the tallest boy is Height 3. 


We can see that the description of this procedure is long and difficult 
to understand. Let us now rewrite this description as a step-by-step 
procedure. 


Procedure 6.1 Tallest of three boys 

Ѕіер1: Input Height 1, Height 2, Height 3 

Step2: If Height 1> Height 2 go to Step 3. Otherwise go to Step 5 
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Step 3: 


Step 4: 
Step 5: 


Step 6: 
Now 


Now 
computer. 


BOXES FOR DATA 


E a 
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If Height 1 > Height 3 then print Height 1 as tallest. Otherwise 
print Height 3 as tallest 


Stop 


If Height 2 > Height 3 then print Height 2 as tallest. Otherwise 
print Height 3 as tallest 


Stop 
this procedure can be drawn as a flowchart (see Fig. 6.1). 


MEMORY 


OBEDIENT 
SERVANT 


FLOW CHART 
(Algorithm) 


STORAGE 


PROCESSING 
UNIT 


Fig. 6.2. Block diagram of a model of a computer. 


we are ready to relate this flowchart to what goes on inside a 


62 A Model of a Computer 


A simplified model of a computer which we will use to explain how a 


computer 


solves problems is given in Fig. 6.2. This model consists of 
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blocks marked MEMORY, PROCESSING UNIT, OBEDIENT SERVANT, 
INPUT UNIT and OUTPUT UNIT. 


The flowchart is stored in a part of the computer's MEMORY (strictly 
speaking, only a program is stored in the memory and not a flowchart). In 
the remaining part of the memory, we have a set of boxes (each with a 
unique label) where data is stored. The data from the memory boxes can 
be retrieved by specifying its label. When data is read from a memory 
box, the data will continue to be available in the box. On the other hand, if 
data is written into a box, the old data stored in it will be destroyed. 

The block marked OBEDIENT SERVANT is actually the control 
unit. It reads a flowcHart and carries out all the instructions in it. The figure 


also shows input and output units, which we have studied in detail in 
Chapters III and IV. 


63 What Happens inside a Computer? 


First we will assume that the flowchart is stored inside the memory. 
The data necessary for solving the problem are kept ready at the input 
unit, and arranged in the order in which they will be read. Suppose we 
have the following data for this problem: 


Height 1 — 145 cms. 
Height 2 — 160 cms. 
Height 3 = 150 cms. 


These numbers are placed in a queue at the input unit ready to be read. 
The ‘Obedient servant’ starts from the ‘START block. He prepares all the 
other units of the computer to carry out the instructions in the flowchart. 


The next block which the Obedient servant encounters following 
the arrow from the START block is a block having the INPUT instruction: 


INPUT HEIGHT 1, HEIGHT 2, HEIGHT 3 
This instruction is interpreted as follows: 


‘Label three boxes in memory as Height 1, Height 2, Height 3. Input 
the first number in the queue waiting at the input unit and store it in 
the box labelled Height 1. Move to the second number at the input 
unit and store it in the box labelled Height 2. Advance to the next 
number and store it in the box labelled Height 3. This step is 
illustrated in Fig. 6.3. 


Input 


Height 2 


Height 3 


Fig. 6.3. Data input and storage. 


After this input instruction, the Obedient servant reaches the 
question: 


Is Height 1 > Height 2? 
This is interpreted as follows: 


‘Read the numbers stored in boxes labelled Height 1 and Height 2 in 
memory and place them in the processing unit. Ask the processing 
unit to compare these two numbers and return the answer ‘Yes’ if the 
number read from Height 1 is greater than that read from Height 2, 
and ‘No’ if the number read from Height 2 is greater than the number 
read from Height 1’. 


If the answer is 'Yes', then the Obedient servant follows the path 
labelled ‘Yes’ in the flowchart and if it is ‘No’ then the path labelled ‘No’ is 
followed. In this example, the numbers stored in Height 1 and Height 2 
are 145 and 160 respectively. So the answer to the question is ‘No’. 
Therefore the path marked ‘No’ of the flowchart is followed. Again a 
question is posed, namely: 


Is Height 2 > Height 3? 
The Obedient servant asks the processor to compare the numbers stored 
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in memory boxes labelled Height 2 and Height 3. In this case, after 
comparing numbers 160 and 150, the processing unit gives the answer 
‘Yes’. The Obedient servant follows the ‘Yes’ path and reaches the 
command: 


PRINT Height 2 


This command is interpreted as 'ask the output unit to print as output the 
number stored in the memory box labelled Height 27. Accordingly, the 
output unit prints the number 160. 


Then the Obedient servant reads the instruction, namely 
STOP 
So the computation comes to an end. 


Thus we saw how a computer reads data, follows instructions, 
processes the data and comes out with the answers. 


64 Tracing а Flowchart 


In the last section we developed a procedure to compare only three 
numbers. The same problem can become more complicated if more 
numbers are to be compared. Let us now draw a flowchart which depicts 
the comparison of five numbers. 


Example 6.2 Tallest of five boys 
Find the tallest of 5 boys. The heights are 130, 140, 150, 145, 160. 


In order to find out the tallest boy among five boys of different 
heights, we have to examine the heights one after the other. We will take 
the first height and compare it with the second. If the first height is larger 
than the second, the second height is dropped and the first height is 
compared with the third height. The process will be continued till we get 
the largest height. So in essence we use a loop. The flowchart of Fig. 6.4 
depicts this procedure. 


Now, we will briefly trace the steps which the computer would follow 
by referring to the flowchart (Fig. 6.4). The first number 130 is fed in and 
stored in TALL. Then 140 is read by the input unit into H and compared with 
the number stored in TALL, namely, 130. As 140 is larger, the ‘Yes’ path is 
taken at Step 5 of the flowchart and the number in H, namely, 140 replaces 
130, in TALL at Step 6. In other words, 140 is now stored іп TALL. We return 
to Steps 4 and 5 in which 150 is read into Н and compared with 140 stored in 
TALL. Since 150 is larger, it now replaces 140. The next number read into H 


Yes No 


Tall єн 


Step 6 


Fig. 6.4. Flowchart for picking the tallest of five boys. 


is 145. As it is smaller than 150 stored in TALL, the ‘No’ path is taken at 
Step 5 of the flowchart. The contents of TALL, namely, 150 is left 
undisturbed. Going back to. Step 4, the next number 160 is read into. H 
and compared with 150 in TALL. As it is lerger than 150, it replaces 150 
in TALL. So at every stage, the box labelled TALL contains the largest 
number, that is, the height of the tallest boy. 


Table 6.1 presents in detail the numbers stored in H and TALL as the 
fiowchart is faithfully followed. This method is adopted to make sure that 


| 
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Input: 130, 140, 150, 145, 160 


140, 150, 145, 160 
140, 150, 145, 160 
150, 145, 160 


IS H > TALL? NO 
ISH > TALL? YES | 


TALL +H 160 160 


Table 6.1. Tracing the flowchart of Fig. 6.4. 


the logic used in solving the problem as given in the flowchart is correct 
and that the correct results which we expect would indeed be obtained 
when the flowchart is obediently followed. The method of carrying out the 
instructions given in a flowchart with paper and pencil and tabulating the 
results is called tracing a flowchart. The tracing is carried out with sample 
data. ‘Memory boxes’ are identified and named and their contents 
changed as instructed by instructions in the flowchart. 


If we critically examine the flowchart we see that there is something 
wrong. What is it? In the flowchart the loop leads back to INPUT H. So the 
computer will read the numbers and keep coming back to INPUT H again 
and again. But there is no path leading out of the loop! We have not 
mentioned when the computer should stop the process of comparison. 
How do we communicate to the computer when to stop the comparison? 
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In order to let the computer know that the last height has been read, 
we can use a dummy number, say 000 which cannot logically be a height. 
This number 000 indicates that the last of heights to be input has been 
reached. So the computer leaves the repetitive loop and proceeds to the 
next step. Such a specially-coded data is know as a sentinel. So in this 
example the input data will be presented as follows: 


130, 140, 150, 145, 160, 000 
Accordingly we modified the flowchart which is given as Fig. 6.5. 


Step 8 


-— —— 


Fig. 6.5. Modified flowchart for picking the tallest of five boys. 
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If we study this flowchart, it is evident that as soon as a value of His 
read in Step 5, we check whether it is a 000. If it is a 000, it signifies the end 
of the list. In that case we should print the number stored in TALL and 
stop. If it is not a 000 we should continue comparing the heights till we get 
to 000. 


So we can see that from a specific problem we have arrived at a 
general procedure for solving a problem. This procedure is very general 
because it is applicable to any number of data items fed into the computer. 
For instance, this procedure can be used for finding the tallest boy in any 
class anywhere in India! Obtaining a trace of the flowchart of Fig. 6.5 is left 
as an exercise to the student. 


Example 6.3 Average height of girls 

Let us now take a slightly more complicated example, say, 
calculating the average height of girls in a class and keeping a record of 
the number of girls in a class. 


General procedure 

Usually, when we want to find the average height of girls in a class, 
we add the heights of girls in the class and divide the total height by the 
number of girls in the class. 


Detailed procedure 


Let us assume that we prepare a slip of paper for each girl in the 
class. The slip will have the roll number of each girl and her height (in 
cms.). We will also have a sentinel slip with Roll No. 00 and height 000 to 
indicate the end of student slips. The procedure is to first name a box in 
memory as “sum of girls’ heights” where the sum of the heights will be 
stored. There should also be another box named “Total girls” to store the 
number of girls. Before any slips are read, these boxes should contain 
zeros. These are thus “initialised” to zero. 


Next, one slip is read. If the slip does not contain a 000 as height then 


Roll No. 


Table 6.2. Slips giving Roll No. and Height of girls. 
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we know it is not the ‘sentinel slip’. In such a case the number read from 
the input and stored in “Height of girl" is added to the contents of the 
memory box “sum of girls’ heights”. The number of Girls is also increased 
by 1. This procedure is repeated till the end of slips is reached (i.e. the slip 
with height = 000 is reached). At this point the sum of heights and the 
total number of girls are available. Hence the average height can be 
computed. 

The method given briefly so far is expressed as a detailed procedure 
below: 


Step-by-step procedure е 
Step 1: Clear memory boxes to store totals. Set totals to zero initially. 
Thus sum of girls’ heights + 0; 


Total girls — 0. 

Step 2: Read a slip [see Table 6.2]. 

Step 3: If Height = 00 Go to Step 6; Else continue. 

Step 4: Sum of girls’ heights — sum of girls’ heights + height: 
Total girls «< Total girls + 1. 

Step 5: Goto Step 2. 


Ane Sum of girls’ heights 
Step 6: Average of girls’ heights = Total didis S 


Step 7: Print total girls, average girls' height. 
Step 8: Stop. 
The flowchart for this procedure is presented in Fig. 6.6. The trace of 


this flowchart is given as Table 6.3 in pages 72-73 using the data of 
Table 6.2. 


SUMMARY 


l. Inorder to solve problems on a computer it is necessary to draw up 
a step-by-step procedure of solution. 


2. Such а procedure is expressed as a flowchart, which enhances our 
understanding of the procedure and helps us spot possible errors 
fast. Particularly, carrying out a series of steps repetitively is clearly 
depicted, i.e. in the form of a loop, in a flowchart. 

3. The way in which a computer solves a problem can be understood 
by means of a simple model. In this model we assume the flow chart 
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to be stored іп the memory and ап obedient servant following the 
steps in this chart. 

4. In this model, the memory is made up of boxes each of which is 
identified by a name corresponding to variable names. Data stored 
in these boxes are the values assumed by the respective variables. 


Sum of heights of 
girls 


Sum of heights of 
girls + Height 
Total girls — Total girls + 1 


Print 
Average height of girls 
Total girls 


Fig. 6.6. Flowchart for finding average height of girls. 
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5. In order to find out whether the method of solving a problem as 
given in the flowchart is correct, we follow the chart just as the 
‘Obedient servant? would follow it. We make a table showing the 
contents of all the memory boxes after carrying out each instruction 
in the flowchart. This is called "tracing the flowchart". 


EXERCISES 


6.1 You are given an assortment of bulbs N of various wattages. From 
that you have to pick up only 40 watt bulbs. Give a detailed step- 
by-step procedure to count the number of 40 watt bulbs. 

6.2 Draw a flowchart corresponding to Exercise 6.1. 


6.3 Trace the flowchart with a sample data for 6 bulbs and show that it 
is correct. 


64 Your school wants to buy desks for your class. Several quotations 
giving prices have been received. Write a step-by-step procedure 
to find the minimum quotation, serial numbers of all minimum 
quotations and total number of such quotations. 

6.5 Draw a flowchart corresponding to the procedure of Exercise 6.4. 

6.6 Trace the flowchart obtained in 
data and show that it is correct. 


6.7 Given an English passage write a step-by-step procedure to count 
the vowels in it. 


Exercise 6.5 with some sample 


6.8 Draw a flowchart corresponding to the procedure of Exercise 627! 


6.9 Trace the flowchart with a sam 


ple sentence and show that it is 
correct. 


6.10 A library charges a fine for book 


s returned late. Following are the 
fines: 


First 5 days 10 paise per day 
6to 10 days 25 paise per day 
above 10 days 50 paise per day 


Obtain a step-by-step procedure for calculating the fine assuming 
that a book is returned N days late (N is an arbitrary number). 


6.11 Obtain a flowchart corresponding to the procedure of Exercise 
6.10. 
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6.12 Trace the flowchart of Exercise 6.11 with the following data апа 
show that it is correct. 


© 3400 دن کڪ‎ t н 


613 Obtaina procedure to find all possible combinations of 10 paise, 25 
paise and 50 paise coins which will add up to a rupee. 


614 Draw а flowchart corresponding to the procedure obtained by you 
in Exercise 6.13. 


6.15 Trace the flowchart of Exercise 6.14 and show that it is correct. 


READING BASIC PROGRAMS 


CONCEPTS : 


In this chapter we will see how to read programs written in a 
programming language known as BASIC. | 


We will illustrate the use of the following commands: 
` 1. INPUT data і : 
PRINT results 


Perform arithmetic operations 
у 1. Implement decision boxes of flowcharts 
5. Implement loops of flowcharts, and | 
Stop computation. 


The algorithms and ПО А given in жены chapters will be 
rewritten here in BASIC. ; 


ES RS наулы НЫШЫН Ыы ОЕ УУ ҮҮ УЛУУ a 
"Our Bushy is a Computer addict. Look he is Programming all the time!” ` 


“1 said it in Hebrew—] said it in Dutch 
І said it in German and Greek: 

But 1 wholly forgot (and it vexes me much) 
That BASIC is what you speak!" 


—With Apologies to Lewis Carroll 


It was pointed out in the last chapter that it is necessary to evolve a 
step-by-step procedure, i.e. an algorithm, to solve problems. We also 
showed that a computer solves a problem by faithfully following the 
procedure one step after another. The procedure was expressed in the 
form of a flowchart. In practice it is necessary to express a procedure 
using a programming language. A programming language is a simple 
notation designed to be ‘understood’ by computers. A procedure 
expressed in a programming language is known as a cornputer program. 
We will now express some of the flowcharts presented in Chapters V and 
VI using a programming language known as BASIC. BASIC is an 
acronym for Beginners AllPurpose Symbolic Instruction Code. You 
D note how easy it is to follow it as it uses bas P words. 

iss of шетроте А 1 


71 Reading Simple Programs 


A program to multiply two numbers and print the result is given as 
Program 7.1. This corresponds to the flowchart of Fig. 5.5(b). 


Program 7.1 А program to multiply A by B 


10  INPUTA 
20  INPUTB 
30. C=A+B 
40 .. PRINT C 
50 END 


Each line in the above program is called. а ‘statement’ bol is 
numbered. We number them for easy reference. Gaps of 10.are left 
between line numbers so that we can introduce new lines in between if 
necessary. In line 10 we ask the computer to take a number from the input 
unit and store it in a box in memory labelled A. 


Statements are executed one after the other in the order in which 
they are written. The next statement (line 20) is now easy to understand: it 
is a command to read another number from the input unit and s store it in 
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memory in a box labelled B. Statement 30 is a command to multiply the 
number stored in A with the number stored in B and store the result in a 
box labelled C. The asterisk + is used as the multiplication operation | 
symbol instead of x,the usual multiplication symbol. Statement 40 is а 
command to print the number stored in C. The next statement is to stop 
computation. It also indicates the end of the program. 


After the program is Written, it is entered into the computer's 
memory by typing it on the keyboard of the computer. After entering the 
program, a command is given by typing RUN. The computer now starts 
executing the program. It begins from the top line (line 10). Line 10 is an 
INPUT statement. When it is executed, the computer displays ‘?’ on the 
screen of the video terminal. The programmer should now type the value 
to be stored in A. If 5.6 is to be assigned to A, then he should type 5.6, 
which will be stored in A. The computer now executes Statement 20 which 
is again an INPUT. Thus 2 would be displayed again on the screen. The 
number to be stored in B is typed now. If 4.5 is typed, it will be stored in B. 
After this, Statement 30 is executed by the machine, which results in 
storing 5.6 x 4.5 = 25.2 in C. The next statement is to PRINT the contents 
of C and thus the number 25.2 is displayed on the screen. The machine 
then stops. 


Program 7.2 A Program to calculate the price of a group of 
items 

10 ІМРОТ QTY, PRICE 

20 TPRICE = QTY'PRICE 

30 PRINT “TOTAL PRICE = ^, TPRICE 

40 PRINT "ANY MORE ITEMS?" 

50 PRINT "TYPE YES OR NO" 

60 INPUT ANSWER$ 

70 IF (ANSWER$ — "YES") THEN 10 

80 END 


message: 
TOTAL PRICE — 


and prints the number stored in TPRICE to the right of the equals sign. In 
BASIC language characters enclosed between quote marks * ” (but not 
the quote marks themselves) are printed as such by the PRINT statement. 
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Such a set of characters is called a “character string" or simply a "string". 
Statement 40 prints the string: 


ANY MORE ITEMS? 
and Statement 50 prints the string: 
TYPE YES OR NO 


Statement 60 is a command to input a string as answer. The $ symbol 
following ANSWER is used in the language to label memory boxes which 
store strings rather than numbers. In response to the query of Statement 
50, we are expected to type in either YES or NO. The answer is stored in 
the memory box labelled ANSWER$. Statement 70 is used to implement 
the decision box in a flowchart. It says that if the string stored in 
ANSWERS$ is “YES”, then the next statement to be executed is 10 and if it 
is not "YES", then the next statement, namely, 80 is to be executed. Thus, 
if there are more items in the list, then we type YES and the program goes 
back to Statement 10 to input the quantity and price of the next item. 
When all items are exhausted, we type NO in response to the query of 
Statement 50 and control will reach Statement 80 and the machine stops. 


7.2 Program with Decisions 


You remember Procedure 6.1 in Chapter VI to find the tallest of 
three boys, don't you! A BASIC program corresponding to this procedure 
is given as Program 7.3. 


Program 7.3 А program to find the tallest of three boys 


10 INPUT H1, H2, H3 
20 IF (H1 > H2) THEN 80 
30 IF (H2 > H3) THEN 60 


40 PRINT “HEIGHT OF TALLEST BOY =  ",'H3 

50 STOP 

60 PRINT “HEIGHT OF TALLEST BOY =  ", H2 

70 STOP 

80 IF (H1 > НЗ) THEN 110 

90 PRINT “HEIGHT OF TALLEST BOY =  ", НЗ 
100 STOP 
110 PRINT “НЕЮНТ‹ОЕ TALLEST BOY = ”, H1 
120 END 


In Program 7.3 the first statement (line 10) is a command to input 
three numbers corresponding to the heights of the three boys. These three 
numbers would be stored in memory boxes labelled H1, H2 and H3 
respectively. In Statement 20 the number in H1 is compared with that in 
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H2. If H1» H2 then the statement to be taken up for execution is 80. 
Otherwise the statement to be executed is the one appearing next to 20, 
namely, Statement 30. If H1 > H2 then one réaches Statement 80 which 
is a command to compare the number stored in H1 with the one stored in 
H3. If H1 > НЗ then Statement 110 is executed, which prints the value іп 
НІ tothe right of the string HEIGHT OF THE TALLESTBOY-  .After 
printing, it takes up the next Statement 120 which is a command to stop. 


If at Statement 20 it is found that the number in H1 is not greater 
than that in H2, then Statement 30 is taken up for execution. This 
statement is a command to find if H2 is areater than H3. If the number in 
H2 is greater than that in H3, then Statement 60 is reached and the 
number in H2 is printed on the right-hand side of the string HEIGHT OF 
THETALLESTBOY —  .After printing, Statement 70 is reached, which 
is a command to stop. If at Statement 30 it is found that the number 
stored in H2 is not greater than that stored in H3 then Statement 40 
which is next to 30 is executed, This statement prints the number stored in 
H3 to the right of the string HEIGHT OF TALLEST BOY —  . After 
printing, Statement 50 is reached, which stops computation. The student 
is urged to follow the steps in the program using numbers 145, 160, 150 
as H1, H2, H3 and check the correctness of the program. 


73. Program with Loop 


Program 7.4 is a BASIC program corresponding to flowchart of 
Fig. 6.5. 


Program 7.4. A program to find the tallest of a group of boys 


10 INPUT H 
20 TALL =H 
30  INPUTH 


40 IF (H — 0) THEN 90 
50 IF (Н > TALL) THEN 70 


60 GOTO 30 

70 ТАШ =н 

80 СОТО 30 Ч 

90 PRINT “HEIGHT OF TALLEST ВОҮ=  ", TALL 
100 END 


Statement 10 is a command to feed a number (the value of the height 
of a boy) which is stored ina memory box labelled H. The next statement 
copies the value stored in H into another memory box named TALL. 
Statement 30 reads the next number waiting at the input unit. It will be the 
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height of the next boy if there are any more boys in the class. It will be O if 
itis the sentinel indicating the “end of boys”. ЕН = 0 then Statement 90 is 
taken up for execution which prints the value stored in TALL. Otherwise 
Statement 50 is taken up next for execution. If H is not equal to 0 it is 
compared with TALL in Statement 50. If H > TALL then Statement 
70 is reached which copies the value stored in H into TALL. Observe that 
TALL will always contain the largest value of H input so far. After storing 
H in TALL, Statement 80 is reached which commands that the next 
statement to be executed is 30, which will read another value into H. 
ЕН > TALL when 50 is executed, Statement 60 is reached which returns 
control to Statement 30 without altering the value in TALL. To 
understand this program thoroughly you should follow each instruction 
obediently (as though you are a computer) and make a table of values of 
TALL and H using the following input values as values of H: 155, 145, 
160, 135, 175, 140, 150, 0. At the end TALL must contain 175. 


We give as Program 7.5 a BASIC program corresponding to the 
flowchart given as Fig. 6.6 to find the average height of girls in a class. 


Program 7.5 A program to find the average height of girls in 
a class 


10 REM  SUMHT IS SUM OF HEIGHTS OF GIRLS 
20 REM ТСКІ IS TOTAL GIRLS 
30 | REM ROLLNO IS ROLL NUMBER OF GIRL 
40 REM HEIGHT IS HEIGHT OF GIRL 
50 КЕМ AVHEIGHT IS AVERAGE HEIGHT OF GIRLS 
60 SUMHT = 0 
70 TGRL=0 
80 INPUT ROLLNO, HEIGHT 
90 IF (HEIGHT = 0) THEN 130 

100 | SUMHT = SUMHT + HEIGHT 

110  TGRL = TGRL +1 

120 СОТО 80 

130 | AVHEIGHT = SUMHT/TGRL 

140 PRINT AVHEIGHT, TGRL 

150 END 


Statements 10 to 50 are called remarks. They are used only to aid the 
programmer and the reader of the program to understand a program. 
Any statement starting with REM is taken as a remark by the computer 
and not used in computation. Names such as SUMHT, TGRL used in the 
BASIC program are called variable names. They are the labels of memory 
boxes where the respective values of SUMHT, TOTGRL are stored. We 
give as REMARKS the variable names used in the BASIC program which 
correspond to the names used in the flowchart. This is useful in 
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understanding the program. You should start reading the program from 
Statement 60. Using the set of values of heights of girls given as Table 6.2 
in Chapter VI you should obey each statement and make a table 
corresponding to the values stored in SUMHT, TGRL, HEIGHT and 
AVHEIGHT. Before the program halts at Statement 150 the values of 
AVHEIGHT and TGRL should be correctly printed. You should verify this 
using the table made by you. 

Program 7.6 is a program to calculate and print the Fahrenheit 
equivalent of Centigrade temperatures 0 to 100. 


Program 7.6 А program to print Centigrade-Fahrenheit 


table 
10 PRINT “CENTIGRADE—FAHRENHEIT CONVERSION TABLE” 
20 СЕМТ-0 
30 Е=СЕМТ.18 +32 
40 PRINT “СЕМТІСКАРЕ =  ", CENT 


50 PRINT “FAHRENHEIT = ”, Е 

55 СЕМТ= CENT+1 

60 IF (CENT < = 100) СОТО 30 

70 END 

Observe that Statements 30 to 60 are executed again and again 101 
times. Thus the statements between 30 and 60 form a loop. At the 
beginning of the loop, namely Statement 20, the loop index, in this case 
CENT, is given an initial value. In this example we set CENT = 0. 
Statements in the loop, namely Statements 30 to 50 are then executed. In 
Statement 55, we increment the value stored in CENT by 1. In Statement 
60 we check if the number stored in CENT is less than or equal to 100. If it 
is, then we go back to Statement 30 and repeat the loop. Otherwise, if the 
number stored in CENT exceeds 100, we qo to the statement following 
60, namely 70. The last value of index with which the loop is repeated is 
CENT — 100. A loop thus has an initial value for a loop index which is 
used to count the number of repetitions of a loop. The index is 
incremented after executing each of the statements in the loop. The 
program leaves the loop when the loop statements are executed with the 
final value of the index. 


Program 7.6 will now be rewritten as Program 7.7 which uses a 
statement in BASIC called а FOR statement. The FOR statement 
simplifies setting up loops in BASIC programs. The FOR statement 
(Statement 20) specifies an index variable, the initial value of the index 
variable and the final value. In this example the index variable is CENT, 
the initial value of CENT is 0, and its final value is 100. The FOR loop 
consists of Statements 20 upto 60. Statements 20 and 60 (of Program 
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7.7) combine. Statements 20, 55 and 60 of Program 7.6. They say: 
"Execute the statements in the loop (namely 30 to 50) starting with CENT 
= 0; increase the value of CENT by 1 after each execution of Statements 
30 to 50; leave the loop after executing the statements in the loop with 
CENT = 100". 


Program 7.7 Program 7.6 rewritten using a FOR statement 


10 PRINT *CENTIGRADE-FAHRENHEIT CONVERSION TABLE" 
20 FOR CENT = 0 TO 100 


30 Е = CENT + 1.8432 

40 PRINT “CENTIGRADE = ”, CENT 
50 PRINT “РАНВЕМНЕП = ”,Е 

60 | NEXT CENT 

70 | END 


The index variable in a FOR statement can be incremented by a 
number other than 1. In such a case we specify the value to be used as 
increment in the FOR statement itself. This is illustrated in Program 7.8 
which would print out the values of Centigrade and its equivalent 
Fahrenheit temperature for CENT = 0, 5, 10, 15, 20,....100. 


Program 7.8 Centigrade to Fahrenheit conversion table 


10 PRINT *CENTIGRADE-FAHRENHEIT CONVERSION TABLE" 
20 FOR CENT =0 TO 100 STEP 5 


30 Е= CENT « 1.8 + 32 

40 PRINT “CENTIGRADE =  ", CENT 
50 PRINT “FAHRENHEIT = ”, Е 

60 МЕХТ СЕМТ 

70 END 


74 Programs with Strings 


Program 7.9 is a program which asks a student to name the capital of 
TAMIL NADU. The answer input by the student is stored in the variable 
name CAPITAL$. As $ follows CAPITAL it is a variable name storing а 
character string rather than a number. The string of characters input by 
the student is matched with the correct answer, namely, MADRAS. If they 
match, the program prints RIGHT; else it prints WRONG. Observe that if 
the student inputs MEDRAS instead of MADRAS, it will be considered 
wrong as the letter E after M will not match the letter A appearing after M 
in the correct answer given in the program. When using a computer, it is 
essential to be precise. Each character (even a blank) in the program or 
the input is important. 
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Program 7.9 A Program to name the capital of Tamil Nadu 


10.. PRINT "WHAT IS THE CAPITAL OF TAMIL NADU?” 
20 INPUT CAPITAL$ 

30 IF (CAPITAL$ = "MADRAS") THEN 60 

40 PRINT "WRONG" 


50 STOP 
60 PRINT “RIGHT” 
70 END 


Program 7.9 is modified as Program 7.10 which gives a student five 
chances to answer the question. In tms program a FOR loop is used to 
implement 5 repetitions. If right answer is given before the fifth attempt, 
then the “IF statement” (Statement 40) transfers control to Statement 
120 outside the loop. ІҒ a student gives the right answer in the first 
attempt, then ATTEMPT would be 1 when Statement 130 is executed. In 
this case, the control jumps to 160 and a good message is printed to 
encourage the student. If the correct answer is not given by the student in 
5 attempts, then the control leaves the FOR loop, and Statement 90 is 
reached. This statement prints an appropriate message. Statement 100 
prints the correct answer and the program stops. 


Program 7.10 Program 7.9 modified using a FOR 
statement 


10 . PRINT "WHAT IS THE CAPITAL OF TAMIL NADU” 
20 FOR ATTEMPT = 1 TO 5 


30 INPUT CAPITAL$ 

40 IF (CAPITAL$ — *MADRAS") THEN 120 

50 PRINT "WRONG" 

60 PRINT "CHANCE NUMBER = ”, ATTEMPT 
70 PRINT "TRY AGAIN" 


80 NEXT ATTEMPT 
90 PRINT “INCORRECT ANSWER AFTER 5 ATTEMPTS” 
100 PRINT “CORRECT ANSWER IS MADRAS” 
1104 STOP 
120 PRINT “RIGHT ANSWER” 
130 . IF (ATTEMPT = 1) THEN 160 
140 PRINT “ANSWERED IN CHANCE NUMBER = ”, ATTEMPT 
150 STOP 
160 PRINT “GOOD! CORRECT ANSWER IN FIRST ATTEMPT” 
170. END 


SUMMARY 


1. A programming language is a notation designed to be understood 
by a computer. 


13. 


14. 


15. 


A computer program is а sequence of instructions written in a 
programming language. 


BASIC is a programming language. It stands for Beginner's All- 
Purpose Symbolic Instruction Code. 


Each instruction in a program is called a statement. 
Statements are given numbers. 


Variable names (such as H1) are used in BASIC to label memory 
boxes where their numerical values are stored. 


A variable name such as STATES which has the dollar symbol ($) as 
its last character is used in BASIC to label a memory location where 
a string of characters rather than а number is to be stored. 


A program is normally typed using the keyboard of a video 
terminal. It is stored in the memory as it is typed. 


After a program is entered in memory it is executed by giving an 
instruction to RUN. 


Each statement in the program is interpreted by the computer and 
executed in the order in which the statements are given. 


INPUT statement is used to read data fed to the computer via the 
keyboard of a terminal. 


Arithmetic operators, used in BASIC are: + for addition, — for 
subtraction, • for multiplication, / for division and f to raise а 
number to a power. . 


Ап IF statement is used to implement а decision box їп a flowchart. 
It is of the type 


IF (condition) THEN n. 
If the condition within parentheses is true then statement n is taken 
up next for execution. If it is false then the computer goes to the 
statement written next to the IF statement. 


A statement: GO TO n is used to ask the computer to take up 
statement n next for execution (n is a statement number). 


A statement FOR is used to command a computer to repeat a 
group of statements again and again a specified number of times. 
For example Statement 20: 

20 FOR CENT = 0 TO 100 

د 30 

40 Талу 

50 МЕХТ СЕМТ 


16. 


17. 


18. 


19. 


20. 


7.1 
72 
73 
74 


7.5 


7.6 
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commands that Statements 30 and 40 are to be executed first with 
CENT = 0, next time with CENT = 1, and so on and the last time 
with CENT = 100. Thus Statements 30 and 40 will be executed 101 
times. 

A statement PRINT is used to command the computer to display on 
the screen of the terminal or print on the printer the contents of a 
specified variable name. 

A statement STOP is used to command the computer to stop 
execution. 

A statement END is used to signify the end of a program. It will also 
stop execution of the program. 


REM is used as an abbreviation for REMARKS. Any statement 
starting with REM is taken as remarks used to explain the 
program. It is desirable to annotate programs with remarks to aid 
one to understand it. 

To read and understand a program you should follow each 
instruction in the program obediently using a set of sample 
input values for variables and make a table. This will enable you to 
verify whether the correct answer is given by the program 
before it stops. 


EXERCISES 


What is a programming language? 
What is a computer program? 
What is the expansion of BASIC? 


Read the following BASIC program and obtain a flowchart 
corresponding to it 


10  INPUTA 

20  INPUTB 

30. C-(1-2 * B/(142 * A) 
40  PRINTC 

50 STOP 

60 END 


Write a step-by-step procedure in English corresponding to the 
program of Exercise 7.4. 


Given А = 7.5, B = 4.5 what number would be printed by the 
program of Exercise 7.4? 


7.7 


78 


79 


7.10 


7-11 


742 
7.13 


Read the following BASIC program and obtain a flowchart 
ер: 


INPUT N 
IF (N = 1) THEN 60 
Р = N/(N— 1) 
‚ PRINT М.Р 
СОТО 10 
PRINT “МО MORE ІМРІЛ” 
STOP 
END 


If the following sequence of numbers are given as input to the 
program given in Exercise 7.7, what will be printed by Statement 
40? 


2555835 


3, 4, 5, 6, 7,1, 6,4 
Read the following BASIC program and obtain а Bond for it 
10 INPUT X, N 
20 5-1 
30 K=1 
40 T=X " 
50 S=S+T 
60 К=К+1 
70 T-2T*X 
80  If(K <N) THEN 50 
90 PRINTS, № 


100 END 


ЕХ = 2 and N = 5 what will be the values of S and М printed by the 
program of Exercise 7.9 (Hint; Make a table giving values of S, K 
and T for K — 1, 2, 3, 4, 5) 
Read the following program and write a step-by-step ренке їп 
English corresponding to it 

10 INPUT X, N 


20 — S= я 
30 Т=Х 

40 FORK =2 TON 
50 $=S+T 

60 Т = TX 

70 МЕХТК 

80 PRINT S,N 

90 END 


Obtain a flowchart corresponding to the program of Exercise 7.11. 
Assume that X = 2 and N = 5 in Exercise 7.11. Make a table giving 
the values of S, T, X, K during the execution of the program. What 
are the values of S and N finally printed by the program? 


7.14 


7.15 


7.16 


TAY, 


7.18 


7.19 
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Read the following program and explain what it does. 


10 


PRINT ‘HELLO! WHAT IS YOUR NAME’ 
INPUT N$ 

PRINT “HELLO”, N$ 

END 


PRINT “WHICH IS THE LONGEST RIVER IN SOUTH INDIA” 
INPUT R$ 

IF (R$ = “KAVERI”) THEN 60 

PRINT “TRY AGAIN” 

GO TO 20 

PRINT “ANSWER IS RIGHT” 

END 


Read the following program and explain using step-by-step 
procedure in English what it does. D 


p 

PRINT *GIVE A WEIGHT IN KGM" 
INPUT KGM 

PRINT "WHAT IS IT IN POUNDS" 
INPUT POUNDS 

Р = 2.2 + KGM 

IF (POUNDS = P) THEN 110 
PRINT "WRONG-TRY AGAIN" 

Т =Т+1 

IF (Т < =5) THEN 30 

PRINT “THE CORRECT ANSWER = ”,Р 
STOP 

PRINT “GOOD-YOU ARE RIGHT” 
STOP 

END 


If KGM = 4 and POUNDS input by a student is 6 what will the 
computer print? ; 


If KGM — 4 and POUNDS input by a student — 8.8 what will the 
computer print? 


Read the following program and obtain a flowchart for it 


2=0 

С=0 

Р=0 

PRINT “INPUT А NUMBER" 
INPUT N 

IF (N > 0) THEN 90 

IF (N< 0) THEN 110 
227+1 

СОТО 120 
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90 Р=Р+1 
100 GOTO 120 

110 б=б+1 

120 PRINT “ANY MORE INPUTS-ANSWER YES OR NO" 
130 INPUT A$ 


7.20. Ifthe following set of numbers are given as input to the program of 
Exercise 7.19, what will the computer print out? 
Input Numbers : 5, —4, 0, 8, —8, 9, 0, 1, —6, 7 
Can you say what the program does? 


H 43 ғы” “ 7 * ; 
С. җе leno BN Ar 


chapters 


CONCEPTS : 


In order to understand how data is processed by the computer it 
essential to know how data is stored- and represented within \ 
computer. In this chapter, we will discuss: да 


The external апа internal representations of Bp ЕС 
Representation of numbers in decimal system 

Binary, octal and hexadecimal representation of numbers. 
Decimal-to-binary conversion and vice versa 

Binary arithmetic 


Representation of letters and special characters using | 
ASCII and EBCDIC codes. 


ВНЕ RUEDA 
What is the difference between Bit and Byte? 


Bit is the past tense of Byte, Sir. 


"Two added to one—if thut could be done," 
It said, *with one's fingers and thumbs!" 
Recollecting with tears how, in earlier years, 
It had taken no pains with its sums." 
—Lewis Carroll 


There are two types of data which are stored and processed using 
computers. These are: 


(i) Numbers, 
(ii) Characters. 


Numbers: These are decimal numbers such as 845, 246.789, 
45678 etc. which are processed using arithmetic operations such as 
addition, subtraction, multiplication and division. When we process 
numbers we obtain new numbers. 


Characters: These are letters of the alphabet, both capital and 
small, and some other special characters such as +, —, /, @, %, etc. 
Characters combine to form strings of characters such as APPLE, RITA, 
etc. Strings are manipulated using string manipulation operators such as: 
delete a character from a string, insert a character in a string, join two 
strings, search for a specified sub-string within a string etc. When we 
manipulate strings of characters we get new strings. 


81 External and Internal Representation 


When we feed data to a computer and receive the processed outputs, 
the symbols or characters used are those we use everyday such as 0, 1, 2, 
3,229; AMBEG sas a Lewes LS tats 0 057^ ы etc. These 
are the Arabic numerals, English letters and special symbols. These are 
said to be the external data representation as they are used outside the 
computer. The representation of the same data inside a computer is called 
internal data representation. This is different from external data 
representation as it should be in a form suitable for storage in a 
computer's memory and for processing. Thus we must understand the 
internal representation and devise methods of converting the external 
representation to internal representation and vice versa. 
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82 Representation of Numbers 


Physical devices used to store and process data in computers are 
two-state devices. Magnetic media and integrated circuits are used for 
storing data. Magnetic surfaces are magnetized in one of two opposite 
directions. The two states are magnetic poles aligned left to right (S — М) 
or right to left (N <= S). The processing of information inside a computer 
is done by electronic components such as transistors or integrated 
circuits. These electronic devices used in a computer function most 
reliably when operated as switches, that is either in a conducting or a non- 
conducting mode. A switch is a two-state device: it can be either ON or 
OFF. Thus two symbols ‘0’ and ‘1’ are used to represent the two states of 
such devices. These two symbols “0” and “1” are known as bits, an 
abbreviation for binary digits. Data is stored and manipulated inside a 
computer using only bits. 


83 Binary Representation of Decimal Integers 


Decimal number system 


If we want to store decimal numbers in a computer and perform 
arithmetic operations on them, values must be assigned to the numbers. 
For this, we have to convert a decimal number to another form using only 
the symbols ‘0’ and ‘1’ and ensuring that the value remains the same. 


Consider, for example, a decimal number, 4863. The value of each 
digit in this number is determined by three characteristics: 


1) the digit itself, 
2) the position of the digit in the number, 
3) the base of the number system. 


The base of any number system is defined as the number of distinct 
symbols used in the system. In a decimal system the base is 10 as there are 
ten distinct symbols, namely, digits 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9 in this 
system. 


For a decimal number we assign a value by assigning weights 
to each digit position. The weights are unity for the right most digit, ten for 
the digit to its left, hundred, thousand and so on for each successive digit 
to the left. 
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Example 


In 4863, the digit 3 is in the units position, 6 in tens position, 8 in 
hundreds position and 4 in thousands position 


Th T 
4 6 


We multiply each digit by its weight and add all the products to 
obtain the value of the number. The value of the decimal number 4863 is 
calculated as: 

4 х 1000 + 8х 100 + 6х 10+3х 1 


= 4000 + 800 + 60 + 3 


Thousands Hundreds Tens Units 
position position position position 


Binary number system 

In the binary number system, the base is 2. The two symbols used in 
the system, 0 and 1 are called the binary digits or bits. In this system 
numbers are represented as strings of bits. For example number 9 of the 
decimal system is represented in binary as follows: 

£+0/:0 1 

4 1 

Most signi- Least signi- 
ficant bit ficant bit 
In a binary string the right most bit is called the least significant bit 
and the left most bit is called the most significant bit. Whereas in a decimal 
system the weight of each digit increases by multiples of 10, in a binary 
system, the weights assigned to bits are powers of 2, namely, 
2°=1, 2'=2, 2° = 4 апа so оп. 

We can find the decimal value of a binary number by multiplying its 
least significant bit by 2° that is 1, next bit to its left Бу 2' = 2 and next by 
22 = 4 and so on. 

Binary "чао Or 1 


number 1х1= 1 (2°x 1) 
2x0= 0. (2:х0) 

2x2x0 20 (2*x 0) 

2х2х2х1 = 8 (23х 1) 


9 in decimal 
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Example 8.1 
Another binary number, say, 


e, LALO LOUPE ZO 
when converted to decimal will be equivalent to decimal number (165),,. 
The steps involved are: 


(IL UM. Ur EIU EDT. ^, 

(1x27)-(0x 25)--(1x 25) --(0x 2*) -(0 x 2?) - (1x 2?) -(0 27) - (1x 2?) 
= (1х128)+(0х64)+(1х32)+(0х 16)--(0x 8)-- (1 x 4) - (0 x 2)2-1 
= 128 + 0 4.32 + 00+ 0 4°44 0-1 
"m (165), „. 
We have enclosed 1 010010 1 and 165 above in parentheses апа 
used subscripts 2 and 10 for representing base 2 and base 10, that is, 
binary and decimal respectively. Such a notation is essential because if we 


write a number such as 1000 without specifying the base, it can be 
interpreted as a thousand in decimal or as eight in binary. 


84 Representation of Fractions 


When we represent fractions in decimal, negative powers of 10 are 
used as weights to multiply the digits in the fractional part.of the number. 


Example 8.2 
0475 - 4х10 4.7x10?.4 5x10? 


1 1 1 1 
decimal one-tenth one-hundredth one-thousandth 
point position position position 


In the binary system the fractional part is derived in a similar way. 
The fractional part which is on the right hand side of the binary point is 
represented by a string of 1s and Os. The bits are successively divided by 2 
or, equivalently, multiplied by negative powers of 2 to obtain the decimal 
equivalent of the number. 


Example 8.3 
(0.0111), = 0x27 +1x2? +1x2% +1x2" 


t = 0x1/2+1x1/4+1x1/8+1x 1/16 
Binary 
point = 0 + 14 + 1/8 + 1/16 
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=7/% 
(0.4375). 


Here are some more examples of binary numbers and their decimal 
equivalents. 


Example 8.4 
(1101.101), 


= (1x25) +(х 22) + (0х2') + )1 x 2) + (10x 27) - (0x 27) 
+(1х2°) 


8+4+0+1+ 1/2 +0 + 1/8 
8+4+0+1+.5 +0 + 125 
= (13.625), 


Ехатріе 8.5 
(111000.0111), 


= (1х 25) +(1 х 2°)+(1 x 23) + (0 х 2°) + (0 х 27) + (0 x 2°) 
+(0 х 27) + (1х 279) + (1х 273) + (1 х 27) 


(1 х 32)+(1 x 16) + (1 x 8) + (0 x 4) + (0 x 2) +(0х 1) 
+0+1/4+1/8+1/16 


32 +16+8+0+0+0+0 + 1/4 + 1/8 + 1/16 
= (56.4375), 


8.5 Binary-Decimal Counting Sequence 


We are now familiar with decimal and binary systems. For ready 
reference we now give the binary counting sequence as Table 8.1. 
We can see from the table that we require 3 bits to convert decimal 
numbers 0 to 7 to their binary equivalents and 4 bits for numbers 8 and 9. 


Thus on an average 8х342х4 — 3.2 binary digits are required for 


10 
representing a decimal digit. Consequently if we convert a large decimal 
number to binary, the number of bits in the binary equivalent of this 
number will be approximately 3.2 times the number of digits in the 
decimal number. So the binary strings will be very long. For example, the 
binary equivalent of the decimal number 917 is 1110010101. 


100 
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Binary e Decimal Binary Decimal 
number equivalent number equivalent 
1001 9 
1010 10 
1011 11 
1100 12 
1101 13 
1110 14 
1111 15 
10000 16 
10001 17 


کے کي 


Table 8.1. Binary Counting Sequence. 


8.6 Octal System 


We saw in the previous section that the binary numbers correspond- 
ing to large decimal numbers are very long. So the Octal system (with 
base 8) is often used to represent binary numbers. The octal system 
requires lesser number of symbols. It uses 8 symbols 0, 1, 2, 3, 4, 5, 
6, 7. As the base of һе octal system is a power of 2, namely 23, it is easy to 
convert a binary number to its octal equivalent by grouping the bits. Table 
8.2 gives binary numbers and their octal equivalents. Three successive 


Binary Octal Binary Octal 
000 0 100 4 
001 1 101 5 
010 2 110 6 
011 \ 3 111 7 


Table 8.2. Binary numbers and their octal equivalents. 


bits of the binary string starting from the least significant bit are grouped 


together to form its octal equivalent. 


The following example illustrates the conversion of a binary number 
to its octal equivalent. 


Example 8.6 
Binary — 100011001 . 101001000 
Octal ж И ЗО 1 Dipniys0 


equivalent 
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Decimal - 4x 82+ 3x 8+ 1x 8 45x 1/8 + 1/64 + 0 
equivalent 
= 256 + 24 +1 + 5/8 + 1/64 +0 
= 256 + 24 +1 + .625 + .015625 
281.640625 


8.7 Hexadecimal System 


Another number system called the hexadecimal system which uses 
16 as base, is also convenient to express binary numbers. It uses 16 
symbols, namely, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F. Observe that A, 
B, C etc. now represent numbers. As 16 is a power of 2 (i.e., 27) itis easy to 
convert binary numbers to equivalent hexadecimal numbers. Table 8.3 
gives a representation of binary number, its hexadecimal equivalent and 
decimal equivalent. We can convert a binary number to its hexadecimal 
equivalent by grouping together successively 4 bits of the binary number 
starting with the least significant bit and replacing each set of 4 bits with its 
hexadecimal equivalent given in Table 8.3. 


Binary Hexadecimal 

0000 0 0 
0001 1 1 
0010 2 2 
0011 259 3 
0100 4 4 
0101 5 5 
0110 6 6 
0111 7 7 
1000 8 8 
1001 9 9 
1010 A 10 
1011 B 11 
1100 С 12 
1101 р 13 
1110 Е 14 
1111 Е 15 


Table 8.3. Binary, hexadecimal and decimal numbers. 
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The examples given below illustrate the conversion of Binary to its 
hexadecimal and decimal equivalent. 


Example 8.7 
Binary = 0110100000111101 
Hexadecimal = 6 8 3 D 
Decimal = 6x 16 + 8 x 16* + 3 x 16! + D x 16? 
= 24576 + 2048 + 48 + 13 
= 26685 
Example 8.8 
Вїпагу = 101001100011-1100 
Hexadecimal = А 6 3 С 
Decimal = (10 x 16°) + (6 x 16) + (3 x 16°) 
+ (12755167) 


= (10 x 256) + (6 x 16) + (3 x 1) + 12/16 
= 2560 + 96 +3 + .75 
= 2659.75 


88 Decimal to Binary Conversion 


We pointed out at the beginning of this chapter that the external 
representation of characters and symbols has to be converted into 
internal representation namely binary, which is understood by the com- 


puter. In order to convert any decimal integer to a binary number we 
express it as a sum of powers of two. 


(i) Suppose we want to convert a decimal number (500),, into binary we 
divide the number by 2 repetitively till we get 0 as the final quotient. 
As we proceed with the division we get either a ‘1’ or a 0 as a 
remainder. The binary equivalent of the decimal is given by the 
sequence of remainders obtained during division. The least significant 
bit of the binary number is the first remainder and its most significant 
bit is the last remainder. 
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Example 8.9 


Convert (500),, to Binary 
500 


250 0 — Least significant bit 


125 


| 


62 
[6 
1 


NL M N wt to ом N 
w 


0 
1 
0 
1 
1 
T 
1 
1 — Most significant bit 


ü р ACS и ко AMO y 


i 4 
Most significant Least significant 
bit bit 


Let us verify whether we obtain the same decimal number. 


(111101 90 0, 
2922222222 


2 x2)4 (1x 2) (01x 2 + (1x 2) + (1 x 2 + (0 x 2 
+ (1x 25) + (0x 2) + (0 x 2°) 


—256 + 128 + 64 +32 +16+0+4+0+0 


= (500), 
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Example 8.10 
Convert (154),, to binary 
2 154 
2 77 0 — Least significant bit 
2 38 1 
2 19 0 
2 9 1 
2 4 1 
2 2 0 
2 1 0 
0 1 — Most significant bit 


(1520830: Ho 1-0. 1 0), 
2! 26 25 24 өз 22 21 20 
(1 x 27 + (Ох 25 + (0 x 25) + (1 x 2°) + (1 x 23 + (0 x 27) 
+ (1x2!) + (0 x 2°) 
128+0+0+16+8+0+2+0 
(154), 

Decimal fractions can also Бе converted to binary. A decimal 
fraction is expressed as a sum of negative powers of 2 in order to obtain its 
binary equivalent. Instead of successively dividing by 2, in this case, 
division is by 1/2 or equivalently it is multiplication by 2. The integer part 
of the product after multiplication is either 1 or 0. These bits areread from 
top to bottom to give the binary equivalent of the decimal fraction. The 
multiplication is stopped when the fractional part of the product is zero. 
Example 8.11 

Convert (0.625), to a binary fraction 

0.625 x 2 = 1.250 
ا‎ 1 2 
0.250 x 2 — 0.500 


0 2 
0.500 x 2 = 1.000 
И. 25 
Thus (0.625), = (0.101), 
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Example 8.12 
Convert (0.2), to binary 


0.2 х2 = 04 го 
0.4 х 2 = 0.8 teal 
0.8 x 2 = 1.6 p? 
06x2212 p1 
2x2204 2.0 


Thus (0.2), = (.0011 0011), (recurring). 


89 Binary Arithmetic 


Binary addition 

When addition operation is performed using binary digits 1” and ‘0’, 
the result also will be a string of 1s and Os. An addition table for binary 
digits is given as Table 8.4. Observe the overflow bit when we add 1 to 1. 


carry of 1 to be taken to 
the next bit position 


Table 8.4. Binary addition rules. 


Let us look at some examples of binary addition: 


Example 8.13 
Add (101), and (100); 
Cary — 1 
101 
100 


150204) 


Example 8.14 
Add (111), and (110), 


Carry — 1 1 
КЕЛЕ 
Lo. 


ТЗОВ 


106 COMPUTER PRIMER 


Example 8.15 
Add (1111), and (1111), 
Cary — 1111 
ALET 
1401-1 


инь 1:0 


Binary subtraction 


While performing subtraction we have the simple rules, given in 
Table 8.5. 


Borrow from previous 
bit 
Table 8.5. Binary subtraction rules. 
Example 8.16 
Calculate (1011), — (0010), 
T dud 
0010 


150.0. 1. 


Example 8.17 
Calculate (10111), — (1011), 


Borrow — 1 
Е т 
Ом 
O LA OSG 


Binary multiplication 


Basic rules for multiplication are very simple and are given in 
Table 8.6. 
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Table 8.6. Binary multiplication table. 


Example 8.18 
Multiply (110), by (101), 


13.0 
000 
17110 


1-31 4:2. 
Example 8.19 
Multiply (1001); by (1011), 


тое 
10,254 


1.00-1 
12020921 
0000 
1 O UL 


1100011 


Binary division 
Binary division is similar to decimal division. 
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Example 8.20 
Divide (11011), by (101), 
1-01 


125054) LET OLE 


COT 

eevee! 

фы 

10 

Quotient 101, remainder 10 
Example 8.21 
Divide 110111 by 110 

1001 


FLO EOL 
TUIS 


Obr per. 
HN O 


1 
Quotient 1001, remainder 1 


The computer performs all arithmetic operations by reducing them 
to additions. It performs multiplication by repeated addition. Eventhough 
repeated addition seems to be a circuitous way of doing arithmetic, a 
computer is well suited to carry out several repetitive actions at a great 
speed. Subtraction and division are carried out by addition using the 
principle of complementing. 


8.10 Representation of Characters in Computers 


Sofar we have discussed the representation of numbers in the binary 
system. Characters and special symbols are also represented as 
combination of 1s and 0$. We have to store 26 capital (English) letters, 26 
lower case letters, 10 digits, and about 32 special characters such as 
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punctuation marks, arithmetic operator symbols etc. The total number of 
characters to be stored are 94. These characters have to be stored as 
strings of 1s and Os. If we look into the possible ‘arrangement’ of 1s and 
05 there are 4 unique 'arrangements' of two bits, namely: 


00 01 10 11 
Each arrangement is called string of bits. 
There are 8 unique strings of 3 bits each. They are: 
000 001 010 011 
100 101 110 111 


If we use 4 bits, 16 unique strings can be obtained. Each such string can be 
used to represent or code a symbol. If we want to represent or code 94 
characters, we need 94 bit strings, each string representing a character. 
There are 64 strings of 6 bits each. If we use strings of 7 bits each, then 
we will have 27 = 128 unique strings. So it is possible to code 128 
characters with strings of 7 bits each. Thus 94 characters can easily be 
coded with strings of 7 bits each. 


ASCII code 
In order to easily exchange data between computers, coding of 
characters has been standardised. The most popular standard is known as 
ASCII (American Standard Code for Information Interchange). This code 
uses 7 bits to code each character. In addition to codes for characters, 
codes are defined in ASCII to convey information such as end of line, end 
of page, carriage return etc. to the computer (see Table 8.7). These codes 
are for non-printable control characters. In Table 8.7, columns 1 and 2 
are codes for non-printable characters. The entry CR, for example stands 
for carriage retuin (end of line) control character. In Table 8.7, the most 
significant bits of the code are given as the column headings and the least 
significant bits are given as the row headings. Referring to Table 8.7 the 
code for R, for example, is located by finding the column and row bits. The 
column gives bits 101 as bits b, b, and b, and the row gives bits 0010 for 
b, b, b, ba Therefore the code for R is: 
b, bs b4 b, b, b l b, 
ВА ortpbsoQni0 3550 
The internal coded representation for the string RAJA D is: 


1010010 11000001, 1001010 11000001 ‚ 0100000, 1000100, 


R A J A space D 
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Note that the blank between RAJA and D also has to be coded. This 
code is essential to leave a blank between RAJA and D when the string is 
to be printed out. 


Least significant Most significant bits bẹ bs № 
bits of code 
b; b; bi b, 000 010 011 100 101 110 111 


, 


© 
© 
® 
Чч 


а 
b 


c 


© оз Doh о м ы 
Lee т 9 O о > 


NH MSS сооз Awe 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


за mom © о Oo Оо а-а о о о о 
BS ee оо We о о Moe СОСО » mn о 
нононононононо н 


Table 8.7. ASCII code for characters. 


EBCDIC code 


Some computers have another code known as Extended Binary 
Coded Decimal Interchange Code (EBCDIC). It is used in computers 
manufactured by International Business Machines (IBM). 


This code uses 8 bits per character. So it is capable of representing 
28, that is, 256 characters. If data coded in ASCII has to be used in a 
computer which codes data in EBCDIC, it is necessary to transform ASCII 
code to EBCDIC code. A special electronic circuit is available to carry out 
this transformation. This transformation can be done by means of a 
computer program. 
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811 Byte 


We know now that a character is represented as a string of bits. Such 
a string of bits is known as a byte. Characters coded in EBCDIC require 8 
bits for each character. Thus a byte in this case consists of 8 bits, whereas 
in ASCII code a character requires only 7 bits. In general, a byte is 
understood as a string of 8 bits. 


SUMMARY 


1. Data given by us, which is external to the computer has to be 
transformed into an internal data representation before it can be 
processed by a computer. 

2. As physical devices used in a computer for storing and processing 
data are two-state (on-off) devices, it is necessary to code all data in 
terms of two symbols. 

3. The two symbols used are the digits 0 and 1. They are called bits 
(binary digits). 

4. Decimal number system is а positional system. Теп symbols are 
used to represent numbers. Ten is the base of this system and 
powers of 10 are used as weights for the position of the digit. 

5. Binary number system uses 2 аз base and has only two symbols 0 
and 1. Powers of 2 are used as weights in this system. Thus 
(10110), 2 1x2' + 0х2? + 1х2? + 1x2! +0х2° = (22), 

6. Decimal numbers have to be converted to binary numbers for 
storage and manipulation by computers. 

7. А decimal number is converted into an equivalent binary number 
by dividing the number successively by 2. This procedure is 
continued till the quotient becomes 0. Decimal fractions can also be 
converted to their binary equivalent. 

8. Amore concise representation of binary numbers is obtained using 
the Octal system. Octal system uses 8 as base and uses the eight 
symbols 0, 1, 2, .... 7. Strings of 3 bits are grouped together to form 
the octal equivalent of a binary number. 


9. Hexadecimal system is а number system which uses 16 symbols: 
ое B, C, D, Е, Е. Groups of 4 bits represent one 
hexadecimal digit. 


112 
10. 


TÉ 


12: 


13. 
14. 


81 


82 
83 
84 
85 
8.6 


87 
8.8 
8.9 


8.10 


8.11 


8.12 
8.13 
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Arithmetic operations like addition, subtraction, multiplication and 
division may be performed with binary numbers as operands. The 
add, subtract, multiply table for bits are extremely simple. 


Letters and special characters may also be represented as strings of 
Os and 1s. The number of capital and small letters, digits and special 
characters total to 94. 


ASCII code uses a string of 7 bits to represent each character. 128 
strings are possible using 7 bits each. 


EBCDIC code uses 8 bits for representing each character. 


A byte is a string of eight bits. In general, a string of 8 bits 
representing a character is defined as a byte. Eventhough ASCII 
code uses 7 bits and EBCDIC uses 8 bits, it is generally understood 
that a byte is a binary code for a character and is 8 bits long. 


EXERCISES 


Why should we use two symbols 0 and 1 to store and process data 
inside a computer?, 


What is a bit? 

How do we convert a decimal number to a binary number? 
How do we convert a decimal fraction into its binary equivalent? 
Find the decimal equivalents of 001, 111, 11001, 110001. 


What are the binary equivalents of 
23, 46, 54, 64? 


Why is it easier to convert a binary number to an octal number? 
What is the base of the hexadecimal system? 


Convert the following binary numbers to octal and hexadecimal 
(101011100101), (010111001111), (1011000001), 


What аге the decimal equivalents of the following binary fractions: 
0.01101, 0.11000, 0.00011? 


What are the binary equivalents of the following decimal fraction 
0:875;0: 3750.32: 28 


Write the ASCII codes for В, M, J, A respectively. 

How would the following be represented using ASCII code 
KARTIK S 
SHIVA SK 
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814 Add the following binary numbers: 


110110 4 110110 
11010 + 10010 
101 + 10111 


8.15 Subtract the following binary numbers: 


110110 — 101011 
1011 — 101 
10101 — 10010 
8.16 Multiply the binary numbers: 
101 x 1101 
1010 x 1111 
110 x 101 
817 Divide the following numbers: 


1011 / 11 
11001 / 101 
10111 / 10 


818 What is the difference between ASCII code and EBCDIC code? 

8.19 Why is ASCII code used? 

820 What do you understand by the term non-printable ASCII 
character? 

8.21 What is a byte? 

8.22 A string is 15 bytes long. What is its length in bits? 


Es 
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The objective « ter is ан: Boolean algebra and 
show how it can be үз: ed to desig КИТ circuits to perform 
шас Раш of this chapter you will 
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The definition a AND, ‘OR, ‘NOT operations 


The application of Boolean algebra in designing simple 
switching circuits 


Rules of Boolean algebra to simplify Boolean expressions 
How to formulate truth tables and use them 


` How transistors are | used to fabricate AND, OR, NOT 
‘gates. | 
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Since he swallowed some micro-ch 
nothing but this. 


Courtesy : В.К. Laxman : Science Today. 


ips he has been busy doing 


In the last chapter we saw the need for using binary numbers in 
computing circuits. We also discussed how arithmetic is performed with 
binary numbers. In this chapter we will introduce Boolean Algebra and 
discuss how it is useful in building logic circuits for computers. 


91 Boolean Algebra 


George Boole (1815-1864) a logician, developed an algebra, 
known as Boolean Algebra to examine a given set of propositions with a 
view to checking their logical consistency and simplifying them by 
removing redundant statements and clauses. He used symbols to 
represent simple propositions. For example, "Krishna passed the 
examination" is a simple proposition and may be represented by the 
symbol B. This proposition may be either true or false. It cannot be 
anything else. 


The proposition ^Krishna did not pass the examination" is said to be 
the negation of the proposition "Krishna passed the examination". If we 
represent the proposition "Krishna did not pass the examination" by C, 
then C may be expressed as NOT B where NOT is a Boolean Operator 
used to represent negation. If B is true then C is false and if B is false 
C is true. 

Simple propositions may be combined to form compound proposi- 
tions. For example, "Krishna studied hard" and "Krishna passed the 
examination" is a compound proposition. If the proposition "Krishna 
studied hard" is represented by the symbol A then the above compound 
proposition may be expressed as A AND B where AND is a Boolean 
operator. If the compound proposition is represented by the symbol C 
then we can write: 

С=А ANDB 
C will be true only if A is true and B is true. Table 9.1 expresses this as 
a table. This table is known as a truth table as it gives the truth or falsity of 
the compound proposition in terms of the truth or falsity of the simple 


propositions. 


Table 9.1. Truth table for AND operator. 
117 


118 COMPUTER PRIMER 


Another Boolean operator is known as the OR operator. Let two 
simple propositions be "Krishna is intelligent" (represented by the symbol 
P) and "Krishna studies hard" (represented by the symbol Q). Let the 
compound proposition "Krishna is intelligent" OR "Krishna studies hard" 
be represented by the symbol R. Then В = P ORQis true if Pis true or О is 
true or if both are true. If В is the simple proposition “Krishna passed the 
examination” then writing: 

R=PORQ 
could be interpreted as “Krishna passed the examination” is true if 
"Krishna is intelligent" is true OR “Krishna studies hard” is true or both are 
true. Table 9.2 is a truth table for R in terms of P and Q. 


P Q R 
false false false 
false true true 
true false true 
true true true 


Table 9.2. Truth table for OR operator. 


In 1938 CE. Shannon discovered that a simplified version of 
Boolean Algebra can be used to design telephone switching networks 
where a large number of switches are used. The one to one corres- 
pondence between propositional logic and switching circuits arises 
as shown in the next section. 


9.2 Switching Circuits 


Consider a switch which is either closed or open. This is similar to a 
proposition being either true or false. In Fig. 9.1* we have a switch A 


E 
A 


Eus 


Ground Ground 


Fig. 9.1. А switch connected to a bulb. 


* Observe in this figure the two cross hatched lines marked "Ground". Ground is a 
common reference point at 0 volts. In all figures in this chapter all ground points are 
assumed to be connected together. 
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connected to a battery and a bulb. The bulb will be on when A is closed 
and will be off when A is open. Table 9.3(a) shows this. If we assign true 
for closed switch, false for open switch, true for on bulb and false for off 
bulb we get Table 9.3(b). This table shows that L — A. 


Switch 
A 


closed 


open 


(a) (б) 
Table 9.3. Illustrating assignment of true and false to closed 
and open switch. 


In Fig. 9.2 we have a switch A connected again to a battery and a 
bulb. In this case the bulb will be on when А is open and will be off when A 


M, M 


\ ^ 


Fig. 9.2. А switch connection illustrating NOT operation. 


is closed. In Table 9.4(a) we show this. In Table 9.4(b) we show the 
relationship between А and M wiith the assignment of true and false as 
before. We see from Table 9.4(b) that М = NOT A. 

In Fig. 9.3 we have two switches A and B which are normally open. 
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Fig. 9.3. A switch connection illustrating AND operation. 


They are connected in series with a battery and a bulb. The bulb C will 
light only when both A and B are closed. Notice the analogy between this 
and the fact that a compound proposition in which an AND connective is 
used is true, only when both the constituent propositions are true. 


Now consider the arrangement of switches shown in Fig. 9.4 where 
two switches P and Q are connected in parallel. The bulb R will light when 
either P or Q or both are closed. We recognize the similarity between this 
and the truth of a compound proposition when the OR connective is used. 


p. 


Fig. 9.4. A switch connection illustrating OR operation. 


Thus we have switches which can be only open or closed and 
similarly propositions which are either true or false. In other words, these 
can be considered as variables which can only assume either of two 
values at one time. For convenience, we use the symbols ‘0’ or ‘I’ to 
represent these values. Remember that ‘0’ and ‘1’ have no arithmetic 
significance at all. They only have a logical significance because they are 
symbolic representations for false and true respectively. Such variables 
which can only have two values are called Boolean variables. Thus, a 
Boolean variable X is either ‘1’ or ‘0’, ie. either true or false. 


We have already observed a one-to-one correspondence between 
series and parallel connections of switches on the one hand and the 
connectives AND and OR of propositional calculus on the other. We can 
consider these connectives as performing operations on Boolean 
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variables. Let us further represent AND by the symbol “” and OR by the 
symbol ‘+’, so that the condition for lighting the bulb in Fig. 9.3 can be 
written as A.B, and for Fig. 9.4, the condition can be expressed as P + Q. If 
we use the symbol (over bar —) to represent the NOT operation, the 
condition for lighting the bulb in Fig. 9.2 can be represented as À. 


The behaviour of the switching circuits shown in Figs. 9.2, 9.3 and 


9.4 is summarized in Table 9.5. 
| Sona [swen || Buc 
open open OFF 


open OFF 


Switch A 


open 


closed 


(a) Complement connected 
switch (NOT) 


(b) Series connected switches (AND) 


open 


closed 
open 
closed 


(c) Parallel connected switches (OR) 
Table 9.5. Logical nature of switching circuit operation. 


Table 9.6(a) shows the use of symbols ‘0’ and 7 for representing the 
states of switches and bulbs. Using this symbol assignment we construct 
Tables 9.66), 9.6(c) and 9.6(d) from 9.5(a) and 9.5(b) апа 9.5(c) 
respectively. 

Now considering the switches as independent Boolean variables and 
bulbs as dependent variables, Tables 9.6(b), 9.6(c) and 9.6(d) form the 
rules for the NOT, AND and OR operations respectively. 


Note that NOT operation is applied on a single variable and is thus 
called a unary operator. The AND and OR operations involve at least two 
variables and hence these are called binary operators. Obviously, by their 
repeated use, we can perform these operations on many variables. 


With reference to Fig. 9.3 we note that the order in which the 


switches A and B are connected in series is not important from the point of 
view of the circuit operation. In other words, we could interchange the 
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CLOSED 
ON 


(a) Symbol (b) Rule for 
assignment to NOT operation | 
states of switch | 
and bulb 
P Q R=P+Q 
0 0 0 
0 1 1 
1 0 1 
1 1 1 
(c) Rule for AND operation (4) Rule for OR operation 
C=A-B R=P+Q 


Table 9.6. Rules for AND/OR operations. 
switches A and B and still obtain the same performance. This idea is 
expressed as А.В = В. A. Similarly we see from Fig. 94,P+Q=Q+P. 
This is known as the commutative law and it holds good for the ‘+’ апа” 
operations. Fig. 9.5 illustrates the basis for the distributive law of ‘AND’ 


E -"g 
= 
E 


(b) 
Fig. 9.5(a)-(b). Equivalent switch connections which illustrate 
distributive law for AND operation. 


. 


a 
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operation in Boolean algebra which gives 

A-(B+C)=A-B+A-C ... (9.1) 
Similarly Fig. 9.6 shows how, in Boolean algebra, distributive laws holds 
good for ‘OR’ operation as well. This gives us the interesting equality 
A +(B-C) = (A +B)-(A+C) which does not apply in the algebra of real 
numbers we are used to. Boolean algebra does not have operations 
equivalent to subtraction and division. 


A 


| B Ce 
(a) 
Ж rn 
Ес ys | 3 
(5) 
Fig. 9.6(a)-(b). Equivalent switch connections illustrating distributive 
law for OR operation. 


93 Boolean Expressions 


When we learn Algebra in high school we begin by defining 
constants, variables, operators, expressions and functions. For instance 
1.5 is a constant, а symbol such as Y is used to denote а variable, +, их, 
/ are operators, X — 2X Y an expression and fX. Y) 2X? — 2XY + Y, a 
function. After noting the basic definitions, we learn methods of 
manipulating expressions to obtain equivalent expressions which may be 
more concise or may have some other useful property. For instance, the 
expression Х*—2ХУ + Y? may also be written as (X T үу, We become 
good at manipulating and reducing expressions by working out a series ot 


‘drill problems. 
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In Boolean algebra also we have the concept of Boolean expressions 
and functions of Boolean variables. For example, consider the equation 


Х=А.В+А.С.Р ‚.. (9.2) 


The right-hand side of Eq. (9.2) is a Boolean expression. It can assume а 
value of 0 or 1 depending on the values of А, B, C, D. X is a Boolean 
function of A, B, C, D and is in turn a Boolean variable as it can be either 1 
or 0. 


Boolean expressions can also be manipulated and reduced just as 
algebraic expressions. The rules of manipulation in Boolean algebra are, 
however, much simpler but look strange at the beginning as we are 
mentally conditioned to high school algebra. With some drill the basic 
simplicity of this algebra becomes evident. : 


Boolean variables are either ‘1’ or ‘0’ 


0+1=1+0=1 01=10=0 


1+1=1 00-0 


0+0=0 11=1 


0 = 1 and 1-0 


Commutative and distributive laws hold 
good for AND and OR operations 


Table 9.7. Postulates of Boolean algebra. 


In order to manipulate Boolean expressions we have to learn the 
basic rules needed to combine Boolean variables and expressions. 
We will do this now by collecting all the definitions used so far and call 
them as Postulates of Boolean algebra. Using these Postulates shown in 
Table 9.7 we derive two rules in this algebra which are useful to 
manipulate Boolean expressions. These rules are: 


Rulel А+А=А 


This is true because when А —0, A +A — 0 +0=0=A, when A=1 


A+A=1+1=1=A. We see that for both ossibl 1 i 
AER ici A possible values of A, viz, 


Rue 2 A+A=1 

This is true because when A — 
A=1,A=OandA +А=1+0 
1 А+А=1. 


0, А = 1 and А+А=0+1—1 When 
= 1. Thus for both values of A, viz, 0 and 
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94 Truth Table and Boolean Expressions 


We will now illustrate how the rules of Boolean Algebra can be used 
to solve simple problems. 


Example 9.1 


There are three friends: Arun, Balu and Chandra. Arun has Rs. 50/- 
with him, Balu has Rs. 40/- and Chandra Rs. 30/-. They propose to buy a 
cricket bat worth Rs. 80/- by each person voting Yes or Мою the proposal. 
If the money available with those voting Yes exceeds Rs. 80/-, they will 
buy the bat. Otherwise they will not buy it. We would like to obtain 
a Boolean expression which will tell us under what conditions the 
proposal to buy a bat will succeed. 


Solution 


To obtain a Boolean expression systematically a truth table is 
constructed. The truth table exhaustively enumerates all the values the 
independent variables can assume and the corresponding values of the 
dependent variable. In this example, Arun's vote, Balu’s. vote and 
Chandra's vote are the independent Boolean variables and the proposal 
to buy a bat is the dependent variable. If an yes vote is represented by 1 
and a no vote by 0 and the success of the proposal to buy a bat is 
represented by 1 and its failure by 0 the truth table giving the ‘outcome’ of 
the proposal for all possible voting patterns is shown in Table 9.8. 


DEN TIT 
Arun's Vote Balu's Vote Chandra's Vote Proposal 
A B с P 
0 0 0 ий 0 
0 0 1 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1 0 1 1 
1 1 0 1 
1 1 1 1 


Table 9.8. Truth table for Example 9.1. 


A Boolean expression for P is obtained by determining all combina- 
tions of values of A, B. C which lead to a value | for P. The expression is 


Е (A, B, O P2 A-B-C« A-B.C + A-B-C ... (9.3) 
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Interpreted in words this says:the proposal will succeed if (A is 1 AND B is 
0 AND Cis 1) OR (Ais 1 AND Bis 1 AND Cis 0) OR if (A is 1 AND Bis 1 
AND C is 1). The fact that the expression for P is in accordance with the 
truth fable may be verified by substituting all the values of A, B, C in the 
expression and checking if P has the value given by the truth table. This is 
shown in Table 9.9. Observe that there is one and only one term in the 


L—— TT 


А.В.С+А.В.С+А.В.С 


0.1.0 + 0.0.1 + 0.0.0 
0.1.1 + 0.0.0 + 0.0.1 
0.0.0 + 0.1.1 + 0.1.0 
0.0.1 + 0.1.0 + 0.1.1 
1.1.0 + 1.0.1 + 1.0.0 
1.1.1 + 1.0.0 + 1.0.1 
1.0.1 + 1.1.1 + 1.1.0 


1.0.1 + 1.1.0 +1.11 
Ай tror i 


Table 9.9. Verifying the Boolean expression for P. 


ны ы rH O о о Oo] D+ 


[ir Е 
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expression for P which becomes | for a triplet of values for (A, B, C). The 
expression given in Eq. 9.3 is not the most efficient form for the 
expression. There are other forms of representing P in terms of 
A, B, C which have a smaller number of terms. The motivation in 
representing P in a form using a lesser number of terms is the resultant 
simplification of the logical expression which in turn simplifies the word 
statement of the logic of the problem. One method of simplifying the 
expression is to apply the rules of Boolean algebra derived earlier. 
Using these rules one may reduce the expression for P as follows: 
Р=А.В.С+А.В.С+А.В.С+А.В.С (using Rule 1) 
=А-С.(В+В)+А.В. (C + C) (Distributive law) 
=А.С+А.В (Using Rule 2) 
Р=А.(В+С) (Distributive law) 
The above equation may be interpreted as: 


The proposal will succeed (P = 1) if Arun vote: A=1 
Balu OR Chandra vote yes (В-1 ОКС- 1). we >? 


Suppose we want to construct a switchin 
the proposal would succeed. Assume that Аг 
one switch each which they can independentl 


g circuit to indicate whether 
un, Balu and Chandra have 
y turn on or off. Assume that 
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they turn the switch onit they vote yes and off if they vote no. Assume that 
these switches control the lighting of a bulb, which lights up if the proposal 
succeeds and remains dark otherwise. Then the switching circuit shown in 
Fig. 9.7 is the appropriate circuit as it implements the expression 
A-(B +С). 


B 
P 
E 
n 
Fig.9.7. Switching circuit to implement Example 9.1. 


Example 9.2 


A staircase has two switches: one at the top and one at the bottom. It 
should be possible to turn a light on from the switch downstairs and switch 
it off from upstairs and vice versa. It is desired to design a switching circuit 
to do this. 


Solution 


Let us call the switch downstairs D and the one upstairs U. Let L be 
the lamp. D = l denotes on switch and D = 0 an off switch. Similarly U — 1 
in on and U — 0 is ой If L= 1 then lamp is on and if L=0 it is off. 


Table 9.10. Staircase light truth table. 


The truth table of Table 9.10 denotes the state of the lamp L for 
different states of U and D. We start developing the truth table by setting 
U — 0, D = 0. Inthis case L = 0. When U = 0 and D = 1,L = 1 asthe lamp 
is switched on by downstairs switch. Similarly when U —1 and D = 0, 
L= 1 as the lamp is turned on by the upstairs switch. When U=D=1 
then both switches are on and this should turn off the light. This is 
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necessary because when we switch on the downstairs switch and go up, 
we should be able to switch off the light with the upstairs switch. 


Table 9.11(a) is the table for the function L, = U.D and Table 9.1 1(b) 
is the table for L, = U.D. Let a third variable L be defined as 


L=L,+L,=UD+UD (9,4) 


Table 9.11. Illustrating canonical form for Boolean function. 


Let us form the truth table for L which is given in Table 9.11(c). Note that 
the column corresponding to L could have been formed by ‘ORing’ the 
columns corresponding to L, and L,. Thus there are two entries of | for L 
(corresponding to the rows UD = 01 and 10) one contributed by L, and 
the other contributed by L, respectively. 


With reference to Eq. 9.4, we note the same fact namely that L 
becomes | when L, becomes | or L, becomes |. L, assumes the value 1 only 
when U = 0, D = 1 for which L, = 0. Similarly, L, becomes | only when 
U=1, D=0 for which L, = 0. Thus each term on the right-hand side of 
Eq. 9.4 assumes a value | for one and only one set of values of U and 
D. Each such set leads to a value | in the corresponding row of the truth 
table for L. Thus by concentrating on the | entries in the truth table, we can 
form a Boolean expression Corresponding to any truth table. The 
systematic procedure for this is as follows: 


Step 1: Inspect the column corresponding to L starting with the top 
row. Pick the row with an entry | for L. 


Step 2: One term in the Boolean expression for L is obtained by 
‘ANDing’ all the independent variables in the truth table; the 
independent variables with 0 entry appear in the complement 
form and those with | entry appear as they are. 


Step 3: Repeat Steps 1 and 2 till all the 1 entries in L column are 


exhausted. Obtain the final expression for L by 'ORing' the 
terms corresponding to the 1 entries in the L column. 
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The circuit of Fig. 9.8 implements this Boolean expression. Remember 
that when U is closed U is open and similarly when D is closed 
D is open. 


doe, 
U D 
Fig. 9.8. Switching circuits to control staircase lamp. 


Example 9.3 


In this example we will apply the procedure of obtaining a Boolean 
expression to the truth table 9.12. 


0 0 0 


es pud tho) | 
0 
Ж 
0 
0 
1 
1 
1 
1 


Table 9.12. Truth table of a Boolean function. 


Step 1: Z = 1 corresponding to row 2 of the Table 9.12 


Step 2: Тһе term corresponding to this ‘1’ in the Boolean expression 
for Z, is a-b-c 

Step 3: Rows 5, 6, 7, 8 have | entries for Z. The corresponding terms 
are: a-b-6, a-b-c,a-b-¢ anda-b-c. Thus 
Z=a-b-c+a:b-€+a-b-c+a-b-C+a-b-c 


9.5 Logic Circuits 


Electronic circuits used in computers perform the Boolean 
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operations of AND, OR and NOT. In these circuits +5 volts is used to 
represent the Boolean | and 0 volts is used to represent the Boolean 0. 
The electronic circuits which perform the AND, OR, NOT operations are 
called logic gates. Electronic circuits which use one or more logic gates to 
realise Boolean expressions are known as logic circuits. Fig. 9.9 shows the 
standard symbols used to represent AND, OR and NOT gates. 


А А.В Р Р+О ET. 
| E. D 
B Q р 
AND OR NOT 


Fig. 9.9. Logic gates. 


Example 9.4 


We will now obtain logic circuits which will perform some simple 
arithmetic operations. Table 9.13 is a table showing the addition of two 


INPUTS OUTPUTS 
A B S с 
0 0 0 0 
0 1 1 0 
1 0 1 0 
1 1 0 1 


Table 9.13. A half adder truth table. 


bits. Columns 1 and 2 of the table aive the values of the two input bits 
Column 3 gives the sum of these two bits and column 4 the carry bit This 
table is called a half adder truth table. Even though the inputs and бр 
are binary numbers they may be taken as depicting truth values of 0 and 1 


for developing the Boolean expressions for C and S i i 
Table 9.13 we obtain ы т 


5=А.В+А.В 
С=А.В 


Крок аны 1 i 
* ix жзне which uses logic gates to implement the half adder is shown 


Жы 
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S = A.B + AB 


Fig. 9.10. A logic circuit realising a half adder. 


Example 9.5 


A three bit adder also known as a full adder adds two input bits and 
also any carry bit which may have been generated from them by adding 
the bits to its right. This is illustrated below: 

carry bit Ly OST 


Input bits ———£— —,109. 1-0 -1-D 1 


0-1-0-0-4t-1 
Sum bits ————5 101000 


Table 9.14 gives the full adder truth table. 


B 
INPUTS OUTPUTS 
An | В, 5, Te, +1 
0 0 0 0 0 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 Т 
1 1 0 0 1 
1 1 1 1 1 
ze] 


Table 9.14. Full adder truth table. 
The Boolean expression for S, and C, , , are obtained by looking at 
the 15 in the S, and С, , , columns respectively of Table 9.14 and writing 
the Boolean terms corresponding to them. Thus 
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=А,.В,-С, + A,-B,-C, + А, B,- C, +A,-B, -C, 
АВ, C РА В.С АКВ СС A-B-C 
= АС.В,.С, + A,-B,-C, + A,-B,-C, + A,-B,-C, 

+ A,-B,-C, + A,-B,-C, (Using Rule 1) 

= B,-C/A, + A) + A,- CB, +B,) + A,-B, (C, + C) 
= B,-C,+A,-C, + A, B, (Using Rule 2) 


с) 0o 


* 


The logic circuit for the full adder is shown in Fig. 9.11. 
à n B, с, 
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Example 9.6 


In this example we design a logic circuit to implement what is known 
as a comparator. This circuit has two inputs A and B. These inputs are 
two bit numbers. The circuit is to be designed to give an output of | if 
A >B and 0 otherwise. Table 9.15 is the truth table for this comparator. 
The Boolean expression for C is . 


С = A, A, B,: B, + A, A, B, B, + A, A,: B, B, 
+ А -А,:В,:В, + А,:А,:В,:В, + А, - А-В, - By 
= А, В, (A B, + A,-B, + А,В, + А,В.) 
+ А-В, -Вь- (А, + Ау) + ASASBS(O +В) 
= А,.В, +А.-В,-В + А, - A,: B, 


> 
> 
© 

P 
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Table 9.15. Truth Table of a comparator. 


Fig. 9.12. Logic circuit of a computer. 


In simplifying C we have used Rule 1 (A + A =A) and Rule 2 (АА = 1). 
The logic circuit for the comparator is given as Fig. 9.12. 


96 Realization of Logic Gates with Controlled Switches 


Having looked at logic gates and how they are used we will briefly 
and in very simple terms explain how such gates are made using an 


+ 5 Volts + 5 Volts 
А А 
Y Y 
Хө» А 
241 
В В 
(a) 


(b) 
Fig. 9.13. A controlled switch. 


0—9] 
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Fig. 9.13(a) if 0 volts is applied at the point X, then the gate g is open 
and the voltage at Y is 5 volts as no current flows from A to B. If --5 volts 
is applied at X, then the gate g closes. The path between A and B is closed 
by the gate. As B is connected to ground (0 volts) the voltage at Y will be 
0 volts. The input-output relationship of this device is shown in Table 
9.16(a). If we call +5 volts a Boolean 1 and 0 volts a Boolean 0 then 


X Y X Y 
0 +5V 0 1 МХ 
+5V 0у 1 0 
(а) (b) 


Table 9.16. Showing the behaviour of a controlled gate. 


Table 9.16(b) is obtained. From this table we see that Y — X. In other 
words this circuit realises the NOT gate. 


If we connect two controlled switches in series, as shown in Fig. 9.14, 
we obtain Table 9.17(a) which gives the output voltage as a function of the 


45V 
E w 
A .—•] 
91 
B .--) 
92 о 


Fig. 9.14. Two controlled switches in series. 


input voltages at A and B. The truth table describing the operation of the 
switches is given as Table 9.17(b). We see from it that the output W of the 


gates is given by 
W = A.B 


алымы 
(9 М =A-Bor W = А.В 
Table 9.17. Truth table for series connected switches. 


This gate is called NAND (NOT of AND) gate. If we connect a NOT gate of 


Fig. 9.13 to the output W, this three-gate circuit will realize the AND 
operation. 


+5V 
Р 


TM mud 
ler 


Fig. 9.15. The controlled switches in parallel. 


W=A+B 
This gate is called NOR (NOT of OR) gate. If we connect a NOT gate of 
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(b) 
Table 9.18. Truth table for parallel connection of switches. 


Fig. 9.13 to the output W, this three-gate circuit will realize the OR 
operation. 


It is simple to realize NAND gates with semiconductor devices. It is 
thus commonly used to design logic circuits. The symbol of a NAND 
gate is shown in Fig. 9.16. 


Fig. 9.16. ANAND gate. 


9.7 Transistors and Integrated Circuits 


We pointed out in the last section that a controlled switch is 
constructed using an electronic device called a transistor. The raw 
material used in making transistors is silicon, a semiconductor. In order to 
understand how transistors can be made from silicon, we must first 
understand the electrical properties of silicon. Metals like copper are good 
conductors of electricity as they have a large number of electrons which 
are free to wander around the material. Insulators such as glass, on the 
other hand, are poor conductors of electricity as all the electrons in the 
material are tightly bound to their parent atoms. A large voltage is 
required to release them from their parents. Semiconductors such as 
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germanium and silicon are neither good conductors nor insulators. They 
do not have many free electrons but are capable of releasing electrons 
bound to the atoms with a modest amount of energy. 


An atom of silicon has four electrons in its valence or outermost 
shell. In pure silicon crystal, pairs of these electrons are shared with 
neighbouring atoms so that each atom is surrounded by eight shared 
electrons in a tight bond. Thus pure silicon is a poor conductor (see Fig. 
9.17). Semiconductor devices are made by introducing ‘minute’ amounts 
of controlled impurity atoms in the crystal (about one in a million atoms). 
This process is called doping. For example, we may dope silicon with 
phosphorous atoms which have five electrons in their outermost shell. A 
phosphorous atom can displace a silicon atom in the crystal without 
disrupting the crystal structure. The extra electron gets detached from its 


Electron 


Fig. 9.17. Риге silicon crystal. 


parent in the crystal structure and can be moved around by applying a 
small voltage. Silicon doped with phosphorous (or any other pentavalent 
atom) is called an n-type semiconductor as it has mobile electrons. If we 
dope silicon with boron, an element with three electrons in its outermost 
shell, the resulting crystal structure will have a missing electron in the 
bonds between neighbours. This deficiency is said to create a hole. The 
hole which arises due to the impurity atom can also be released and it 
becomes mobile when a small voltage is applied to the material. The hole 
is not a real particle, but only the absence of an electron. However, the 
hole can move through the crystal lattice and behaves like a positive 
charge. Silicon doped with boron (or any trivalent atom) is known asa 
p-type semiconductor as it has mobile positive electric charge. 


Ме Ж. 
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One type. of transistor widely used in digital computers is called 
Metal-Oxide-Semiconductor-Field-Effect Transistor, ог MOSFET for 
short. These terms refer to the three elements employed in its cons- 
truction. In a typical MOSFET two areas of n-type silicon are embedded 
on a p-type silicon substrate. The two n-type areas are connected to metal 
terminals called the source and the drain. The surface of the р-іуре 
substrate is oxidised. The silicon dioxide layer formed on the surface is an 
insulator and electrically isolates the source and the drain. A layer of 
metal is deposited on the silicon dioxide layer between the source and the 
drain. This layer is called the gate (see Fig. 9.18). 


Gate 


Source Drein 
ME Metal 


p Silicon 
dioxide layer 


P-type silicon substrate 


Fig. 9.18. A MOSFET. 


The transistor is operated by grounding the source and the substrate 
(see Fig. 9.19). A positive voltage is applied to the drain. As the substrate 
is p-type with excess holes (positive charge) no current flows between 
substrate and drain (positive voltage repels the holes). If the gate is 
grounded, no current can flow from source to drain as the intervening 
layer is p-type with excess holes. If a positive voltage is applied to the gate, 
it repels the holes and attracts the free electrons. Thus a small layer of 
electrons forms near the surface. This layer is called an n-type channel 
(Fig. 9.19). These electrons are attracted by the positive voltage applied to 


p-substrate 


n-channel electrons 


Fig. 9.19. Illustrating transistor action. 
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the drain and thus a current flows from the source to the drain. In other 
words by applying a positive voltage to the gate we ‘close’ the electrical 
path between the source and drain. Thus the MOSFET is a controlled 
switch. 


Dimensions are critical in fabricating MOSFET. The critical dimen- 
sions are the thickness of the oxide layer under the gate electrode, and the 
distance separating source from drain. The sensitivity of the transistor's 
response to a gate voltage is inversely related to the thickness of the oxide 
layer. 


It is possible to fabricate on a wafer of pure silicon a large number of 
inter-connected transistor gates, resistors and diodes. Such a circuit is 
called an integrated circuit (IC). The circuits are miniaturised and can be 
seen only under a microscope. The individual components in a circuit, 
namely, resistors, transistors and diodes form an integral part of one 
silicon chip in an integrated circuit. 


Integrated circuits are classified as Small Scale Integrated circuits 
(551), Medium Scale Integrated circuits (MSI), Large Scale Integrated 
circuits (LSI) and Very Large Scale Integrated circuits (VLSI) depending 
on the number of gates in the circuit. SSI typically has upto 10 gates, MSI 
100 gates, LSI upto 1000 gates and VLSI upto 10,000 gates. For 
example a half adder is a SSI, an adder which adds two 4 bit numbers is a 
MSI, a 1K bit memory unit is a LSI and a central processing unit of a 
computer (called a microprocessor) is a VLSI. 


A commonly used VLSI chip is what is known as a Read Only 
Memory (ROM). This chip can store from 0.5 to 4K bytes. The 
information is permanently stored and can only be read. A ROM is used to 
store programs which do not require any modification. Another 
important VLSI chip is a Random Access Memory (ВАМ). In this memory 
data can be read as well as written. Main memory of all computers are 


fabricated using RAM chips. A single RAM chip stores between 1 to 64K 
bytes. 


SUMMARY 


l. George Boole, a mathematician developed an algebra known as 
Boolean Algebra. This algebra deals with propositions which 
are either true or false. The operators in this algebra are AND, OR 
and NOT. These operators are used to combine propositions. 


2. Shannon discovered that Boolean algebra сап be used to design 


We 


10. 


11. 
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switching circuits. As computer circuits also use a combination 
of switches which can be in one of two states ‘open’ or ‘closed’, 
Boolean algebra is useful in designing these circuits. 


A set of axioms or postulates is first stated in Boolean algebra. 
These postulates define the valid symbols in this algebra, which are 
0 and |. The valid operators which operate on these two symbols are 
next defined. These are the AND, OR and NOT operators. The 
symbols ‘-’, ‘+’ and ‘—’ (overbar) are used to represent these 
operators. 


Boolean variables connected with Boolean operators form Boolean 
expressions. Two rules are devised using postulates of Boolean 
algebra. These rules viz, A + A =A and A + A = 1 are useful to 
simplify Boolean expressions. 


In order to design a logic circuit we first list all the ‘input’ or 
independent variables. We then make a table whose rows are all 
possible combinations of values of input variables. As each input 
variable can have only one out of two values (0 or 1), the number of 
distinct combinations of n variables is 2". Thus if there are 3 
independent variables there will be 8 rows in this table. For each 
input combination, the appropriate values of the dependent or 
output variables is entered in the table. Such a table is called a truth 
table. 


Given a truth table, it is possible to obtain closed form Boolean 
expressions which relate the output variables to the input variables. 


Examples of truth tables to describe a half adder, full adder and a 
comparator are derived in Sec, 9.5, 


Boolean expressions corresponding to truth tables may be 
implemented as logic circuits using AND, OR and NOT gates. 


Controlled semiconductor switches may be used to realize AND, 
OR and NOT operations. Thus these switches may be used 
to construct logic circuits in processors. 


A commonly used controlled switch is a transistor which is 
fabricated using silicon. One useful component is the Metal Oxide 
Silicon Field Effect Transistor (MOSFET) used as a switch. 


A MOSFET consists of a p-type silicon substrate on which a source 
and drain of n-type silicon are diffused. The surface of the p-type 
substrate is oxidised forming an insulator. Over this a metallised 
strip is fabricated between the source and the drain forming a gate. 
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A small voltage applied to the gate creates an electrical path 
between source and drain (Figs. 9.18 and 9.19). 


An integrated circuit consists of a larger number of gates fabricated 
on a chip of silicon. 


Integrated circuits may be classified as SSI, MSI, LSI, and VLSI 
depending on the number of transistors in the chip and complexity 
of the logical function performed by it. 


EXERCISES 


Why is Boolean algebra relevant in the design of logic circuits of 
computers? 


State the postulates of Boolean algebra. 
Realize the following Boolean expressions using switches, 
(i) L=A+B-C 
(i) M=A-D+B-D+A-C 
Obtain truth tables L and M defined in Exercise 9.3. 
Show that 
X-Y+X-Z+X-Y-Z=X-Y4+X.Z 
Show that 
(A+B)-(A+C)=A+B-C 
Show that A + А:В =A +В (Hint: Use a truth table). 


Obtain the truth table for the exclusive OR (EOR) operation 
described by the equation 


A EORB = A.B + A.B 
Prove that (А EOR B) EOR C = A EOR (B EOR C). 
Obtain a truth table to design а 2-bit subtractor. The input bits are 


the subtrahend, and minuend. The output bits are the difference 


and borrow to next bit. Obtain Boolean expressions for the truth 
table. 


Obtain a truth table to design a 3-bit subtractor. The input bits are 
the subtrahed, minuend and borrow. The output bits are the 


difference and borrow to next bit. Obtain Boolean expressions for 
the truth table. 


Realize the 3-bit subtractor using AND, OR, NOT gates. 
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9.13 Design a logic circuit to multiply two positive numbers each 2 bits 
long. 


9.14 A comparator circuit compares two numbers A and B and gives an 
output 1 if A « B. Assume A and B are two bit positive numbers. 
Obtain a logic circuit for.the comparator. 


9.15 What element is used to fabricate a transistor? 


9.16 What is the difference between a conductor, a semiconductor and 
an insulator? 


9.17 What is a n-type silicon and a p-type silicon? 

9.18 What do you understand by the acronym MOSFET? 
9.19 What is the purpose of gate in MOSFET? 

9.20 How is MOSFET useful as a controlled switch? 

9.21 What is an IC? 

922 Differentiate between SSI, MSI, LSI, and VLSI. 


INTERNAL WORKING OF 
A COMPUTER 


CONCEPTS : 


The objective of this chapter is to explain in some detail the internal 
working of a computer. We introduce a hypothetical elementary 
computer, we call ELCO to "ug Иң By me end of this chapter you will 
know 


The organization el the memory of a computer 


The structure of a computer instruction 
The types of instructions used by a computer 
The important parts of the CPU of a computer 


The procedure used by a computer to store and execute | 
instructions. 
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He had forty-two boxes, all carefully packed, 
With his name painted clearly on each: 
But, since he omitted to mention the fact, 
They were all left behind on the beach. 
—Lewis Carroll 


In order to understand how a computer works we will describe in this 
chapter an elementary computer we will call ELCO. 


10.1 Logical Description of ELCO 


The block diagram of ELCO is shown in Fig. 10.1. The memory of 
ELCO has 100 ‘cells’ or ‘boxes’. Each box has a unique identification 
number and we will call this its address. The smallest address is 00 and 
the highest 99. Each memory box can be used to store an instruction to be 
carried out by the CPU or a number which is to be processed. We will 
assume that all boxes have identical storage space and that they can 
accommodate a signed 3 digit number. In other words the smallest 
number that can be stored in a memory box is —999 and the largest 
number +999. 


An instruction in this machine consists of two parts. The first part 
tells what operation is to be carried out by the CPU. The second part tells 
where in memory the operand (on which the operation is to be carried out) 
would be found. In other words, the second part of the instruction is the 
address in memory of an operand. In ELCO every instruction will 
be 3 digits long as each address in memory can store 3 digits. As two digits 
are required for an address (see Fig. 10.1) one digit is used for specifying 
the operation to be carried out by the CPU. We will use digits 1, 2, 3..... 9 
to specify various instructions. We will now explain what each instruction 
does. 

operation code address 
—1 32 


This operation code —1 will command the input unit to read а number and 
store it in address 32. 
operation code address 
—2 34 
147 
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This operation code will command the output unit (printer) to print 
the number stored in address 34 of memory. 

The CPU of ELCO has a small register called an accumulator (ACC) 
(This is similar to the register used in pocket calculators whose contents is 
displayed). This register can store a 3 digit signed number (+999). 
All arithmetic operations are carried out on the numbers stored in this 
register. There are also two other registers in the CPU. One of them is 
called an instruction register (IR). An instruction to be carried out by the 
CPU is read from the memory and stored in this register. The left most 
digit of the number in instruction register is the operation code and tells 
what operation is to be performed. The second and third digits give the 
address of the operand. The other register in the CPU is called the 
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program counter (PC). It gives the address (in memory) where the 
instruction to be carried out next is stored. In other words IR contains 
the instruction currently being carried out and PC the address from where 
the CPU should take out the next instruction. 


The other instructions in ELCO and what they do are given below: 


This operation code +1 commands the CPU to clear the accumulator and 
copy in it the number stored in memory address 25. Thus if the number 
stored in address 25 15-389 then when this instruction is carried out 389 
will be copied from address 25 and placed in the accumulator. The 
contents of 25 will not be erased but only copied. 
operation code address 
+2 38 
This operation code +2 commands that the contents of address 38 
be added to the contents of the accumulator. We use below a short 
notation equivalent to the above explanation. 
ACC — ACC 4 Contents of Memory (address 38) 
or simply as 
ACC — ACC + Mem(38) 
Before the instruction is executed if ACC has a number 142 and 
Mem(38) = 235 then after execution of the instruction we have 
ACC ~ ACC + Mem(38) 
—1424 235 2 377 
operation code address 
+3 45 
This operation code +3 is a subtract command. The explanation of 
this code is given below using our short notation 
ACC — ACC — Mem(45) 
Thus if ACC = 465 before executing the command and Mem(45) = 245 
then after executing the command we have 
ACC — 465 + 245 = 220 
The operation code +4 is a command to multiply and +5 is a 
command to divide. Thus the instruction +428 gives 
АСС < АСС" Mem(28) 
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and the instruction +562 gives 
ACC — ACC + Mem(62) 
If ACC has 585 and Mem(62) — 65 then we obtain 
АСС < 585 + 65-9 


Observe that only the quotient is obtained after the division. The 
remainder is lost. ELCO has no facility to store a fractional number. 


The operation code +6 is used to copy the contents of accumulator 
to a specified address in memory as shown below 


operation address 
code 
+6 58 
Мет(58) — АСС 


Thus if ACC contains a number 285 then after executing this instruction 
285 will be stored in address 58 of memory. Whatever was in 58 earlier 
will be wiped out. The contents of ACC will not be destroyed as only a 
copy would be taken and stored in 58. 


The other operation codes are +9 which commands that 
computation be stopped. A 0 is used for operation code to signify 
END of a program. 


We use operation codes +7 and +8 for jump operations. We will 
explain them later in this chapter. 


In Table 10.1 we give a summary of all the operation codes of ELCO 
with explanations. 


10.2 A Machine Language Program for ELCO 


Now that we know the basic instructions which can be carried out by 
ELCO let us see how they can be used to write a small program. After 
writing the program we will see how it will be executed by the computer. 
The program we write is to add the number 325 to the number 286 and 
print the answer. The program is shown as Table 10.2. The instructions 
are given in column 2 of the table and the explanation in column 3. A 
program written using the numerical operation codes of a specific 
computer and numerical operand addresses is known as a machine 
language program. Thus the program of Table 10.2 is known as the 
machine language program for ELCO to add two numbers. 


Once a machine language program is written, it is stored in the 
memory. We start by reading and storing the first instruction in address 


ACC ~ ACC + Mem(38) 


+3 АСС=АСС = Mem(45) 
+4 ACC ACC*Mem(28) 
(| Result| < 999) 
*5 ACC+ACC + Mem(62) 
(Integer quotient after division stored 
in ACC) 
+6 Mem(58) ~ АСС 
+7 РС.-28 
+8* КАСС < 0 then РС +35 
Stop 


End 


* Will be explained later in the chapter. 
Table 10.1. Operation codes of ELCO. 


Address where Explanation 
the instruction 
is stored 
00 Mem(50) — input 1 = 325 
01 -1 Mem(51) — input 2 = 286 
02 +1 АСС--325 
03 +2 АСС < 325+ Мет(51) 
= 325 + 286 = 611 
04 +6 Mem(52) — ACC = 611 
05 Print Mem(52) = 611 
06 Stop 
End 


Data at the input unit 325,286 
Table 10.2. An ELCO program to add two numbers. 
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00 in memory. We then read the next instruciion and store it in 01 address 
in memory. This is repeated till we reach the END instruction. The 
program of Table 10.2 is stored in addresses 00, 01, .....06 of memory. At 
the end of storing, the contents of memory will be as shown in the memory 
block of Fig. 10.1. 


103 Execution of a Program in ELCO 


After storing the entire program in memory the number in PC is 
made 00. This is the address where the first instruction of the program is 
stored. 


The instruction in address 00 in memory is now copied into the 
instruction register (Fig. 10.2). A 1 is added to the contents of the program 


Command to 


Fig. 10.2. Status of CPU and memory after executing first instruction 
of program Table 16.2. 
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counter so that the contents of PC will have the address in memory from 
where the next instruction is to be fetched. The operation code of the 
instruction is inspected. In thiscase it is -1 indicating an input instruction. 
Thus the CPU issues a command to the input unit to read the first number 
waiting there and store it in memory at the address specified in the 
address part of the instruction. The execution of this instruction is 
pictorially shown in Fig. 10.2. 


After completing this job the CPU copies the contents of address 01 
of memory and places it іп IR: The old contents of IR is wiped out before 
copying this new number. The contents of PC is incremented by 1. The 
operation code of the instruction is again —1 which is an input instruction. 
Thus the number waiting at the input unit is stored in the specified address 
51 in memory. The execution of this instruction is shown in Fig. 10.3. 


"Input 


Command to 


Fig. 10.3. Status of CPU and memory after executing second 
instruction of Table 10.2. 
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The execution of the other instructions are illustrated using Figures 
10.4 to 10.8. It is also summarised in Table 10.3. 


3 
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D 


Fig. 10.4. Status of CPU and memory after executing third instruction 
of Table 10.2. 


Fig. 10.6. Status of CPU and memory after executing fifth instruction of 
Table 10.2. 
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Fig. 10.7. Status of CPU and memory after executing sixth instruction of 
Table 10.2. 
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Fig. 10.8. Status of CPU after executing seventh instruction of 


Table 10.2. 
Address of | Instruction Contents of registers Action y 
Instruction in CPU 
| а 
00 -150. |IR——150, ACC-0, PC—01 Read number from 
input - Mem(50) — 325 
01 —151 В- —151, ACC—0, РС--02 Read number from 
input. Mem(51)—286 
02 *150 |1В+ +150, ACC—325, PC—03 АСС<Мет(50) 
03 +251 | IR— +251, АСС-611, PC-04 | АСС«-325 + Mem(51) 
04 +652 |ІН«- +652, АСС<611, PC-05 Mem(52)—ACC = 611 
05 —252 |1В+ —252, ACC — 611, PC~ 06| Print number from 
‚| Mem(52)- Output < 
Mem(52) = 611 
06 4-900 ШО ACC-611, PC—07 Stop execution 


Table10.3. Sequence of events taking place when executi: 


ng the program 
of Table 10.2. 


104 А Machine Language Program using Branching 
Instructions 


We will now develop a program to be executed by ELCO which will 
find the larger of two numbers and Print it. The basic procedure is: 
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Procedure 10.1 A procedure to find the larger of two 
numbers 


Step 1: Read the first number from the input unit and store it in a 
specified address in memory. Let the address where it is stored 
be 60 

Step 2: Read the second number and store it in address 61 of 
memory 

Step 3: Copy into accumulator the first number from address 60 


Step 4: Read the second number from address 61 of memory and 
subtract it from the contents of the accumulator 


Step 5: И the contents of the accumulator is < 0 then contents of 
address 61 is larger. Go to Step 8 to print it. Else go to 


Step 6 
Step 6: Print contents of address 60 of memory 
Step 7: Stop 
Step 8: Print contents of address 61 of memory 
Step 9: Stop 


Observe that in Step 5 we have to go to either Step 6 or Step 8 depending 
on the contents of the accumulator. 


We saw that all the ELCO instructions used in writing the program of 
Table 10.2 increment the contents of PC by 1 as soon as an instruction is 
fetched from memory and placed in IR. Remember that PC contains the 
address of the memory box from where the next instruction is to be 
fetched. Thus incrementing PC by 1 implies that instructions stored in 
successive addresses in memory are carried out one after another. In 
Procedure 10.1 we find that normal sequential execution is not sufficient. 
We need to jump a step depending on the contents ofthe accumulator. In 
order to implement such a conditional jump instruction we introduce an 
operation code jump on negative in ELCO. The operation code usedis +8 


Operation Code Address 
+8 35 


This commands that if АСС<0 then РС--35, if ACC >0 then do 
not disturb PC. 


Assume that PC has 25 stored in it before this command is carried 
out. If the number in ACC is negative then the next instruction will be 
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fetched from address 35 of memory; otherwise it will be fetched from 


address 25. A companion operation code is an. unconditional jump 
corresponding to the GO TO of BASIC. The operation code is +7. 


Operation code Address 
*7 28 


When this instruction is executed 28 will be stored in PC wiping out the 
earlier contents of PC. As the number stored in PC is the address in 
memory from where the next instruction is to be taken, after the 
command +728 is executed the CPU will fetch the instruction from 
address 28 of memory and place it in the instruction register. The 
explanation of this command in short notation is: 


Address where 
instruction is 
stored 


Read a number from the input 
and store it in Mem(60) 


Read another number from the 
input and store it in Mem(61) 


Copy into ACC contents of 
Mem(60) 


Subtract from ACC contents m 
of Mem(61) 


If ACC < 0 then take next instruc- 
tion from address 07 of memory. 
Else take the instruction from 
address 05 of memory (i.e. next 
sequential instruction) 


Print contents of Mem(60) 


Print contents of Mem(61) 


Table 10.4. An ЕІ СО program to find the larger of two numbers. 
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PC — address part of instruction 
Next instruction fetched will be Mem(PC) which will give: 
IR — Mem (PC) 
Using the jump on negative operation code we give in Table 10.4 
(see page 160), a program for ELCO to find the larger of two numbers. 


The details of status of various registers in CPU when this program is 
executed is given in Table 10,5. 


اا 
Address of | Instruction Contents of registers | Action |‏ | 
instruction in CPU |‏ | 

00 | —160 |18160, ACC-0, РС-01 | Read number from 


| | input. Мет(60}—525 
| 01 | —-161 |IR—-161, АСС-0, PC—-02 | Read number from 


| | | input. Мет(61}—645 
02 | 4160 |IR--160, АСС--525, PC-03 | ACC--Mem(60) 
03 | +361 |IR—4361, ACC— 120, PC--04 | ACC--525 — Mem(61) 
04 +807 18+ +807,АСС.——120,РС.-07 | Аз ACC < 0 PC-07 
07 —261 | IR-—261, ACC——120, PC-—08| Print number from 

| Mem(61)- Ошрш-- 
i |645 
| 08 4900 . |1В--%900,АСС---120,РС--09 | Stop execution | 


Table 10.5. Showing how the program of Table 10.4 is executed by ELCO. 
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The overall procedure of storing a program in ELCO's memory and 
then executing it is summarised as Procedure 10.2. It is easy to write this 
procedure in a programming language such as BASIC and thereby 
simulate the operation of ELCO. 

Procedure 10.2 Explaining the operation of ELCO 

First Stage: Storing program in Memory 

Step 1 : PC-0 А 

Step 2 : Read instruction and store іп address in memory given іп PC 
. Mem(PC) — instruction 


Step 3 : РС= РС+1 


Step 4: [f most significant digit of instruction is 0 then go to Step 5 
else go to Step 2 


Step 5 : Program storing over. Go to Step 6 
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Second Stage: Execution of Program stored in Memory 
Step 6 : PC —0 

Step 7 : IR —Mem(PC) 

Step 8 : PC+PC+1 

Step 9 : OPCODE < Most significant digit of IR 

Step 10: ADDR < Second and third digits of IR 


Step 11: If OPCODE = —1 then Read number from input unit and 
store in Mem(ADDR) 


If OPCODE = —2 then Print Mem(ADDR) 

If OPCODE = +1 then ACC — Mem(ADDR) 

If OPCODE = +2 then ACC — ACC + Mem(ADDR) 
If OPCODE = +3 then ACC — ACC — Mem(ADDR) 


If OPCODE = 4-4 then ACC — ACC* Mem(ADDR) 
If OPCODE = +5 then ACC < ACC/ Mem(ADDR) 


If OPCODE = +6 then Mem(ADDR) — ACC 
If OPCODE = +7 then PC — ADDR 
If OPCODE = +8 then If ACC < 0 then PC + ADDR 
If OPCODE = +9 then go to Step 13 
Step 12: Go to Step 7 
Step 13: Stop 


We conclude this chapter with another program for ELCO. This is to 
find the tallest student in a class. We assume that a set of integers 
corresponding to heights is given and that the end of input is indicated by 
a negative integer. The flowchart for this problem was given in Chapter 6 
(Fig. 6.4). The ELCO program with explanations is given in Table 10.6. 
Table 10.7 gives the status of various registers in the CPU when this 
program is executed. 
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Address of Instruction Remarks 
instruction 
00 МІ” -160 Read Н. Mem(60) ~ Н 
01 +160 АСС-Н 
02 +661 Mem(61) -H = TALLEST 
03 —160 Read H 
04 +160 АСС-Н 
05 +811 If H<0 go to 11 
06 +361 АСС + Н-ТАШЕЅТ 
07 +810 If H< TALLEST then go to 10 
08 +160 H> TALLEST 
09 +661 TALLEST—H 
10 +703 go to 3 
11 —261 Print TALLEST 
12 900 „Stop 
ah 000 End 
Ше 


Input data read 210, 220, 200, —1 
Table 10.6. An ELCO program to find the tallest boy in a class. 


wes 
Address of | Instruction Contents of registers Action 
instruction in CPU 
00 —160 | 1В— —160, ACC-0, РС-01 Read number from 
| input - Mem(60) — 210 
| 01 +160 7 IR- +160, ACC—210, PC—02 | АСС < Mem(60) = 210) 
4 
02 +661 | IR- +661, АСС-210, PC-03 | Mem(61)—ACC = 210 
03 —160 | IR-—160, АСС-210,РС-04 Read number from 
input : Mem(60) — 220 
IE 
04 4160 | IR- +160, ACC—-220, PC-05 ACC <= Mem(60) = 22 
UE Spes: 
05 +811 | 1В- +811, ACC--220, PC-06 As ACC 7 0 PC not 
disturbed 
He zn = 
06 +361 | IR- 4361, АСС-10,РС--07 ACC—ACC-Mem(61) 
=220—210=10 
07 1810 | IR- +810, ACC- 10,РС-08 | As ACC>0 PC not 
disturbed 


1 


(Continued) 
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Address of | Instruction Contents of registers Action 
instruction in CPU 
I. 08 | +160 | IR— +160, ACC-220, PC—09 T'ACC-Mem(60)— 220 
ет | T Ей КЕЈ. 
| 09 +661 | IR- +661, ACC—220, PC-10 Mem(61)——ACC- 220 
+ и A LAE 1) £ 
10 +703 IR- +703, ACC—220, PC—03 | Рс—оз. Take next 
instruction from 3 
03 —160 | IR——160, ACC—220, PC—04 Read number from 
1 input. Mem(60)—200 
| |a = = 
04 +160 | IR- +160, ACC+200, PC-05 АСС--Мет(60)-200 
| га AT fI 
05 +811 1В— +811, ACC—200, PC-06 | As ACC» 0 PC not 
| disturbed 
06 +361 | В-+361, ACC——20, PC—07 ACC-—ACC-Mem(61) 
| -200-220- —20 
L ы fco c A Hit 4 = =! 
07 | +810 IR-+810, ACC——20, РС-10 | As АСС< OE PC-— 10 
10 +703 IR- +703, АСС--20,РС-03 PC—03, Take next 
instruction from 03 
03 "m 160 IR——160, ACC——20, PC—04 Read number from 
input - Mem(60)+- —1 
of БІНЕ Т TE ACC--Mem(60) = — 1 | 
05 +811 В- +811, ACC——1, PC-11 AsACC«cOPC-1l. | 
Go to 11 for next 
instruction 
11 —261 | IR- —261, ACC- —1, PC-12 Print Mem(61) — 220 
: 1 t il 
12 +900 IR- +909, ACC——1, PC—13 Stop 


J 


Table 10.7. Showing the execution sequence of the program of Table 10.6. 


SUMMARY 


1. An instruction for a computer specifies what operation is to be 
carried out and where in memory the operand is stored. 


2. The operation to be carried out is given a numeric code called an 


operation code. 


3. A memory consists of a number of boxes e 


called an addre 


SS. 


ach with a specific label 


12: 


13: 


10.1 
10.2 
10.3 
10.4 
10.5 
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An instruction consists of an operation code and an address. 


An instruction designed for a specific computer is known as a 
machine language instruction of that computer. 


A sequence of machine language instructions to solve a problem is 
known as a machine language program. 


Instruction codes for input, output, data movement, arithmetic and 
controlling sequencing of operations of a computer are available in 
all computers. 


А computer's processor has a register called an accumulator where 
arithmetic operations are carried out and results are stored. 


A processor also has a register called an instruction register where 
an instruction to be executed is brought and decoded. 


A register known as a program counter stores the address of the 
next instruction to be executed. 


Given a problem, it is possible to write a machine language program 
to solve it. While writing a machine language program it is 
necessary to pay attention to all details including the contents of all 
addresses in memory, and all the registers in the processor. 


In order to understand how a machine language program works, it 
is necessary to trace the sequence in which instructions are 
retrieved by the processor and executed and keep track of the 
contents of all registers in the processor. 


A machine language program is executed by a computer in two 
phases. In the first phase, it reads the program and stores it in its 
memory. After storing the program, it initiates execution of the 
program. In the program execution phase, instructions are retrieved 
from the memory one after another, interpreted and executed. 


EXERCISES 


How is the memory of a computer organized? 
How is each box in a memory identified? 

What can be stored in each memory cell or box?, 
What should an instruction for a computer specify? 


Write a set of machine instructions for ELCO to read two numbers 
485 and 645, find 485—645 and print the answer. 
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10.7 
10.8 
10.9 
10.10 
10.11 
10.12 


10.13 


10.14 
10.15 


10.16 


What do you understand by the term machine language of a 
computer? 


What is a machine language program? 

Write a machine language program to find D — A +B + C. 
What is the purpose of an Accumulator in the CPU of a computer? 
What is the instruction register in a CPU used for? 

What is the need for a program counter in the CPU? 


If a computer has 32 operation codes and 1000 memory boxes 
then 


(i) How many digits will an instruction have? 
(ii) What would be the number of digits in PC? 
(iii) What would be the number of digits in the accumulator? 


If in ELCO the contents of ACC = —50 and IR = 825 what will 
be the contents of ACC, IR, and PC after the instruction is 
executed? 


Write a program for ELCO to find the smaller of two numbers. 


Given the four numbers —1, 2, 3,—6, write an ELCO program 
to print the negative numbers only. 


Given the following machine language program for ELCO find 
out what is the first number it will print. Will it print a second 
number? If yes what is it? 


00 —150 Mem(50) — 15 
01 —151 Mem(51) — 20 
02 —152 Mem(52) —30 
03 +151 
04 +352 
05 +808 
06 -251 
07- +900 
08 +653 
09 :—253 
10 +706 
11 000 


CONCEPTS : 


In this chapter \ we evil ORI 
1 The need for ; a computer ец to use а computer 


effectively 
2. The evolution Y computer шамы from machine . 
language to assembly language and ЕН to ad 
c ndentlanguage | AS 
4 4 B us is. “translated ! to machine 


eddeuuog А8 


Programs, namely, the lists of instructions to be executed by a 
computer are known as the software of a computer. The electronic circuits 
used in building the computer that executes the software is known as the 
hardware of a computer. To take an analogy, a home television set bought 
from a shop is hardware; the various entertainment programs transmitted 
from the television station is its software. It is immediately evident that 
hardware is necessary but software is vital. What is the use of a home 
television set if the programs shown on it are all boring! Another 
important point brought out by this analogy is that software production is 
difficult and expensive. Hardware is a one-time expense whereas 
software is a continuing expense. 


Computer software may be classified into two broad categories: 
application software and system software. Application software is 
the set of programs necessary to carry out operations for a specified 
application. For example, programs to solve a set of equations, process 
examination results, etc. constitute application software. System soft- 
ware, on the other hand, are general programs written for the system 
which provide the environment to facilitate the writing of application 
software. 

Programming language translators are examples of system 
software. In this chapter we will discuss the evolution of programming 
languages and associated translators. 


111 Need for a Programming Language 


In the last chapter we examined the logical structure of the 
processing unit of a computer we called ELCO. We examined in some 
detail the structure of ELCO. An instruction for ELCO consisted of an 
operation code which specified the operation to be performed and an 
operand address which specified the address in memory where the 
operand would be stored. A sequence of such machine instructions, called 
a machine language program, was used to solve problems. 


In order to write a machine language program, a programmer hasto 
remember all the operation codes of the computer and know in detail 
what each code does and how it affects various registers in the processor. 
He also has to keep track of all the operands and know exactly where they 
are stored in memory. Writing a machine language program requires 
meticulous attention to detail and deep knowledge of the internal 
structure of the computer. Writing long machine language programs 
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and testing them take a lot of time. Thus it is necessary to look at better 
methods of writing programs for a computer. 


The main purpose of using computers is to solve problems which 
would otherwise be difficult to solve. It must thus be possible for a 
computer user to concentrate on the development of good algorithms for 
solving problems rather than be concerned with the details of the internal 
structure of the computer. This situation is analogous to that which 
confronts the user of a motor car. From the user's point of view a motor 
саг is meant to take him from one place to another. If one has to 
know all about how the engine of the motor car works before one can 
drive it, not many persons will be able to drive a car. Driving must be made 
as simple as possible with minimum number of controls so that it would be 
easy for anyone to drive and fulfill the objective of owning a car. A 
general knowledge of how a motor car works is useful if a person wants 
to be a good driver and reduce wear and tear and petrol consumption. It is, 
however, not essential for a driver to be a good mechanic. Similarly, it is 


only advantageous, and not essential for a programmer to know in detail. 


how a computer works. 


Computer programming languages are developed with the primary 
objective. of facilitating a large number of people to use computers 
without the need to know in detail the internal structure of the computer. 
Languages are matched to the type of operations to be performed in 
algorithms for various applications. Languages are also designed to be 
machine-independent. In other words, the structure of a programming 
language would not depend upon the internal structure of a specified 
computer. Ideally, one should be able to execute а program on any 
computer regardless of who manufactured it or what model it 15. 


112 Assembly Language 


In the last chapter, we saw how to write a machine language 
program for a computer. In order to write a machine language program 
we have to remember all the operation codes and what they do. We 
should also remember where each operand is stored. This is very difficult, 
particularly when the programs become long. One of the first attempts at 
simplifying the problem was to introduce what is known as an assembly 
language. In an assembly language, mnemonics are used to represent 
operation codes. Thus, instead of using the operation Code-1, we use INP 
as a mnemonic. The mnemonics for various Operation codes of ELCO is 
given in Table 11.1. 
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Operation code Mnemonic Remarks 
-1 ІМР Input 
—2 OUT Output 
+1 LDA Load accumulator 
+2 ADD Add 
+3 SUB Subtract 
+4 MUL Multiply 
+5 DIV Divide 
+6 STO Store accumulator 
+7 JMP Jump 
+8 JNE Jump on negative 
49 STP Stop 


Table 11.1. Mnemonics of ELCO operation codes. 


In machine language we used numeric addresses of operands stored 
in memory. In assembly language we use strings of characters to specify 
operand addresses. We give in Table 11.2 the machine language to add 
two numbers and: the corresponding assembly language program. 
Observe that each machine language statement has a corresponding 
assembly language statement. 


A computer is designed to execute only its machine language 
program. Thus, if an assembly language program is written to solve a 
problem, it is necessary to translate it to its equivalent machine language. 
Such a translator is called ап assembler. The assembler is another 
program written in machine language which will read an assembly 
language program as its data and convert it into machine language and 
store it in the memory of the computer. 


Machine language Assembly language 


program program 1 
-150 INPA 
—151 INP B 
4-150 LDA A 
4251 ADD B 
+652 STOC 
—252 OUT С 
+900 5ТР 
000 END 


Table 11.2. A machine language and its equivalent assembly 
language program. 


172 COMPUTER PRIMER 


An assembly language is definitely simpler to learn and use 
compared to a machine language. As an assembly language is designed 
mainly to replace each machine code with an understandable mnemonic 
and each address with a simple alphanumeric string, it is matched to a 
particular computer's processor. It is, thus, machine-dependent. lt is 
necessary for an assembly language programmer to know all details of a 
computer's logical structure in order to write a program. It thus suffers 
from many of the disadvantages of machine language. It is thus used only 
by professional programmers when they want to write a very efficient 
program for a specific computer. 


113 High Level Computer Language 


A high level language for a computer is designed independent of the 
structure of a specific computer's processor. Instructions in high level 
languages resemble ordinary English.statements. We wrote programs. in 
one such high level language namely BASIC in Chapter VII. We saw that 
instead of numeric addresses to specify storage locations in memory we 
used variable names which are easy to remember. Statements such as 
READ, INPUT, PRINT, GO TO resemble English. Statements. such as 
C = A +B resemble algebraic formulae. The advantage of a high level 
language is that it is easy to learn and use. 


A high level language is translated to the machine language of a 
given computer by a translator which is written by expert programmers. 
The translator takes.statements in a high level language and creates an 
equivalent sequence of machine language instructions. The program, 
written in the high level language, is known as the source program. The 
equivalent machine language program obtained after translation is 
known as the object program. These terms are explained pictorially 
in Fig. 11.1. 


High Level 
Language 
Program 


Machine 
Language 
Program 


SOURCE OBJECT 
PROGRAM: PROGRAM 


Fig. 11.1. Terms. used in high level language translation, 
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A BASIC program alongwith its equivalent machine language 
program is given as Table 11.3. Observe that one BASIC statement 
is equivalent to many machine language statements. 


Source Program Object program in 
in BASIC machine language 
= | : 
—150 
— و‎ 
INPUT A, B -151 | 
| +150 
= 2 
С=А+В — | +251 
+652 
PRINT С — 4 -252 
STOP 20 А5255... +900 
END е ido Бы 000 
ЕЛ, 
Table 11.3. A BASIC program and the translated machine 


language program. 


A translator for BASIC translates a BASIC statement into machine 
language and immediately executes it. If no error is found in this BASIC 
statement it goes to the next BASIC statement. Suchatranslator is known 
as an interpreter. A translator which waits till all the statements of the 
source program are translated and then executes the object program is 
known as a compiler. 

A high level programming language тау be used on different 
computers. The translators are different leading to different machine 
language equivalents of the source program: This is illustrated in 
Fig. 11.2. As high level languages are designed so that they can be used 
on all computers regardless of who manufactured it or what model it is, 
they are said to be machine-independent. 

As a high level, machine-independent programming language has 
to be translated by a computer program, it is essential to define precisely 
the rules for writing instructions in that language. These are the syntax 
rules of the language. 

When a source program in BASIC (which is a high level, machine- 
independent language) is fed to a computer, the interpreter analyses each 
instruction amd determines if any syntax rules are violated. If any syntax 
rule is violated by a programmer in writting his source program, an 
appropriate message is printed by the interpreter and computation is 
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Machine 
Language 


Machine 
Language 


Machine 
Language g 


Programs which have neither syntax errors nor execution errors are 
successfully executed and answers are printed. A flowchart showing the 
steps in the interpretation of BASIC programs is shown in Fig. 113. 


It must be understood that interpreters cannot find out errors in 
logic. They can diagnose only grammatical errors in the source program. 
For example, if a programmer by mistake writes an instruction to add 
instead of to subtract, an interpreter cannot detect this. Programs 
containing such errors will be successfully executed and lead to wrong 
answers. To avoid such errors it is essential to be careful and precise in 
writing programs and attend to the smallest detail. It is also necessary 
to choose test cases which are manually computed and compared with 
the computer solutions. 


114 BASIC Language 


BASIC, which is an acronym for Beginners’ All-purpose Symbolic 
Instruction Code was developed by Professors J.G. Kemeny and TE. 
Kurtz at Dartmouth College in USA. It was designed with the specific goal 
of enabling beginners to learn programming quickly using a video 
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terminal connected to a computer. It was first introduced in 1963 and now 
it is a very popular language used by beginners. 

There is as yet no agreed 'standard' BASIC. There are thus some 
differences in BASIC language used with different manufacturers’ 


115 On the Description of a Programming Language 


The classical method of learning a language is to first learn the 
alphabets (i.e. set of characters) of the language. The next step is to learn 


sequencing of statements to construct a Program is described 


rules for assigning meanings to sentences which are grammatically 
correct. A sentence which is grammatically (syntactically) correct need 
поі Бе semantically correct. For example the sentence "Arun plays 
football’ is both syntactically and semantically correct whereas the 
sentence ‘Football plays Arun’ is syntactically correct as it does not violate 
any rules of grammar. It is, however, semantically incorrect as it is a 
meaningless statement. Thus in order to learn a language we should 
understand both syntax and semantics. Syntax can be checked 
mechanically because the rules are precisely defined. This is mostly done 
by the language interpreter in a computer. Checking semantic 
correctness cannot be done by the computer and itis the responsibility of 
the programmer who designs a program to ensure it. 4 


It is not sufficient to write programs Which are syntactically and 
semantically correct. Programs should also be simple to understand and 
easy to change and improve. Thus it is necessary to develop a good style 


in programming whose aim would be to.write programs which others 
would be able to understand and use. - 
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116 Description of Syntax Rules 
Every programming language uses a set of characters which usually 


consist of letters, digits and special characters such as '+',**',* /" ete The 
symbols used in BASIC are: А 


А, B, C, DZ English letters 

0, 1, 2, 3, —9 Digits 

+, =, Arithmetic operations 
= # > < > = < = Relational operators 
() Parentheses 

- Assignment operator 
IF( ) THEN Conditional jump 

GO TO Unconditional jump 
110, 200- - etc. Statement labels 
END End of program delimiter 
STOP For stopping execution 


These need not be memorised. Their use will be clear by studying 
programs. rA қ 

We give below опе sample syntax and semantic rule for the BASIC 
language. In the next chapter we will discuss the BASIC language in 
greater detail. 


Variabie name 

Syntax rule : A variable name consists of sequence of letters and 
digits. The first character in the sequence must be a letter. The second and 
subsequent characters must be letters or digits but not any special 
character. Thus the following are valid variable names: 


The following are invalid: 
SI. No. ( . is neither a letter nor a digit) 


1ST (Begins with а digit) 
L, IP (,is neither a letter nor а digit) 
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terminal connected to a computer. It was first introduced in 1963 and now 
it is a very popular language used by beginners. 


There is as yet no agreed 'standard' BASIC. There are thus some 
differences in BASIC language used with different manufacturers 
models. Thus, it is not truly machine-independent. It is, however, easy to 
modify a BASIC program written for one machine for use on another. 


115 On the Description of a Programming Language 


The classical method of learning a language is to first learn the 
alphabets (i.e. set of characters) of the language. The next step is to learn 
how to combine these letters to form words, words to form sentences and 


sentences to express ideas. Learning a programming language is similar, 
and much simpler. 


First a set of legal characters in the programming language is 
designed. A precise set of grammar rules (known as syntax rules) which 
define how to combine characters to form words is then given. The 
combination of words into a statement is then presented. Finally, the 
sequencing of statements to construct a program is described. 


Any language has two distinct parts. These are called its syntax and 
its semantics. By syntax we mean rules of grammar. Semantics gives the 
rules for assigning meanings to sentences which are grammatically 
correct. A sentence which is grammatically (syntactically) correct need 
not be semantically correct. For example the sentence ‘Агип plays 
football is both syntactically and semantically correct whereas the 
sentence ‘Football plays Arun’ is syntactically correct as it does not violate 
any rules of grammar. It is, however, semantically incorrect as it is a 
meaningless statement. Thus in order to learn a language we should 
understand both syntax and semantics. Syntax can be checked 
mechanically because the rules are precisely defined. This is mostly done 
by the language interpreter in a computer. Checking semantic 
correctness cannot be done by the computer and it is the responsibility of 
the programmer who designs a program to ensure it. 


It is not sufficient to write programs which are syntactically and 
semantically correct. Programs should also be simple to understand and 
easy to change and improve. Thus it is necessary to develop a good style 
in programming whose aim would be to write programs which others 
would be able to understand and use. 
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116 Description of Syntax Rules 
Every programming language uses a set of characters which usually 


consist of letters, digits and special characters such as ‘+’,‘*’,‘/’, etc. The 
symbols used in BASIC are: 


A, B, C, D—Z English letters 

0,1, 2, 3, —9 Digits 

+, —5 foul Arithmetic operations 
= ф> < > = < = Relational operators 
() Parentheses 

= Assignment operator 
IF( ) THEN Conditional jump 

GO TO Unconditional jump 
110, 200- — etc. Statement labels 

END End of program delimiter 
STOP For stopping execution 


These need not be memorised. Their use will be clear by studying 
programs. 

We give below one sample syntax and semantic rule for the BASIC 
language. In the next chapter we will discuss the BASIC language in 
greater detail. 


Variable name 


Syntax rule: А variable name consists of sequence of letters and 
digits. The first character in the sequence must be a letter. The second and 
subsequent characters must be letters or digits but not any special 
character. Thus the following are valid variable narnes: 

P 

22 

R34 

TOTAL 
The following are invalid: 

SI. No. ( . is neither a letter nor a digit) 


1ST (Begins with a digit) қ 
L,IP (, is neither a letter nor a digit) 
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Semantic rule: A variable name is the label for а ‘memory box’ 
where a number is stored. 


117 Other Programming Languages 


BASIC is only one among many high level machine-independent 
programming languages. It is probably the simplest and is available 
widely in many small computers. In this section we will briefly describe 
some other commonly used programming languages. 


FORTRAN : FORTRAN stands for FORmula TRANslation. This 
language is the oldest high level language. п a pioneering effort 
John Backus and his team at IBM (International Business Machines 
Corporation) developed this language and its translator in 1956-57. The 
language was designed to solve scientific and engineering problems and 
is currently the most popular language among scientists and engineers. 
With the evolution of better computers and with increasing maturity of 
users, FORTRAN has also evolved. The first version which was 
extensively used in late 50s and early 60s was known as FORTRAN И. 
The next popular version was FORTRAN IV. This version was 
standardised by the American National Standards Institute (ANSI) in 
1966. In 1977 an improved version of FORTRAN IV was standardised by 
ANSI and named FORTRAN-77. This is the current popular version 
of FORTRAN. 


COBOL: COBOL stands for COmmon Business Oriented 
Language. This language grew out of the desire of the data processing 
professionals for a high level, machine-independent language for 
business data processing which would be accepted by any computer 
which has a COBOL compiler. The work on the language began in 1959 
with strong support from the United States department of defence under 
the guidance of Commander Grace Murray Hopper. The maintenance 
and further orderly arowth of the language was handed over to a group 
called COnference on DAta SYstems Language (abbreviated to 
CODASYL). The first formal COBOL report was published in 1960 and 
revised in 1965. The version was gradually improved. ANSI standardised 
COBOL in 1968 and in 1974. Currently COBOL-74 is the most widely 
used programming language for business data processing. 


PASCAL : Pascal is a programming language named after Blaise 
Pascal, the famous French mathematician who built one of the early 


ЖЖ»); 
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calculating devices in 1642. This language was designed by Niklaus 
Wirth in 1971 with the primary aim of providing a language which allows 
beginners to learn good problem solving and programming methods. 
Pascal has been standardised by International Standards Organization 
(ISO) and ANSI. Pascal has facilities to manipulate numbers, vectors, 
matrices, strings of characters, sets, records, files and lists. Thus it is a very 
good language for ‘non-numeric’ programming in which data are not 
numbers but are strings of characters etc. Professional computer 
scientists find this language very attractive. 


SNOBOL stands for StriNg Oriented SymBOlic Language. This 
language was designed by a group led by Griswold in the mid 1960s. This 
language is intended to manipulate strings of characters. It is intended for 
applications in text processing. For example, if it is required to find the 
frequency of occurrence of certain words and pairs of words in a text 
(possibly to establish authorship of a piece of writing) then the basic data 
to be processed is a text. Operations on strings of characters such as 
splitting a string, combining strings, matching strings etc. are required. 
SNOBOL provides these facilities. 


LISP stands for LISt Processing. This language was designed by 
John McCarthy in the early 60s. It is used in applications such as game 
playing, theorem proving and similar non-numeric applications requiring 
logical, rather than numerical, operations. It is widely used by researchers 
working in the areas of pattern recognition and artificial intelligence. 


Besides the languages we have briefly described, there are many 
other languages which have been used in the past. ALGOL, which stands 
for ALGOrithmic Language was developed by an international 
committee in the 60s for scientific computation. Many versions of Algol 
have been in existence and the most recent one is known as Algol 68. A 
language designed by IBM known as РЕЛ (tor Programming Language 
One) incorporates features of FORTRAN, COBOL, ALGOL and 
SNOBOL. It, however, became too big and difficult to understand and is 
now almost extinct. There are some new languages which are becoming 
popular. Notably the C language designed by a group at Bell Telephone 
Laboratories, USA has features similar to Pascal. It has the advantage 
of allowing manipulation of internal processor registers thereby giving it 
some of the powers of assembly language. This language is used by 
systems programmers to write complicated programs such аз compilers, 


PROLOG is another language which aids in writing programs 
involving complex logic operations and it is felt by some that it would be 
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widely used in designing systems which would exhibit intelligent 
behaviour. 


SUMMARY 


1. The set of programs which provides the environment to write 
application programs is known as the system software of the 
computer. 


2. A program written using the numeric codes specified for the 
processor's operations and numeric memory addresses is known as 
the machine language of the computer. 


3. Writing a machine language program is difficult as it requires one 
to remember numeric codes and know where exactly each operand 
is stored. To simplify writing programs, assembly languages were 
developed. The assembly language for a computer uses mnemonics 
to represent operation codes and alphabetic symbols to address 
memory instead of numerical addresses. 


4. An assembly language has a one to one correspondence with the 
machine language of a computer and is thus machine-dependent. 


5. High level languages were developed to allow application 
programs to be run on a variety of computers. These languages 
are machine-independent. One statement in a high level language 
would be translated into many statements in its machine language 
equivalent. 


6. A program written in a high level language is converted to a 
machine language program by a translator program. Translators 
are of two types: interpreter and compiler. An interpreter translates 
programs line-by-line and immediately executes it. A compiler on 
the other hand translates the entire program into a lower level 
language and then executes it. 


7. А high level language program fed to a translator is called the 
source program and the translated machine language program is 
known as the object program. 


8 BASIC is a simple high level language which can be learnt quickly 
by beginners and is popular among users of small computers. 

9. High level languages express algorithms using a concise, precise 
and unambiguous notation. Every high level language has precise 


rules of syntax and semantics. They are often designed to Бе self- 
documenting. 
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What do you understand by the term software of computers? 
Define the terms systems software and application software. 
What do you understand by the term ‘machine language'? 
What is an assembly language for a computer? 

What is an assembler? 


Is assembly language to machine language translation one to one 
or one to many? 


What do you understand by the term machine-independent 
language? 


Is assembly language machine-independent? 


What do you understand by the terms source program and object 
program? 

What is a high level language? 

Why should a high level language be translated to machine 
language? 

What features are necessary in a high level language? 

What is an interpreter? 

What is the difference between an interpreter and compiler? 
What is the difference between syntax and semantics of a 
language? 

What is the expansion of BASIC? 


What is a variable name in BASIC? Give both syntax and 
semantic rules to define it. 


What does the term FORTRAN stand for? 
What is the application area of FORTRAN? 
What does the term COBOL mean? 

In what applications is COBOL used? 
What does the term Pascal stand for? 
What are the main merits of Pascal? 

In what applications is SNOBOL used? 
What are the areas of application of LISP? 


IN on aA 


| treason vs узе» ле Greet m on! cs tral E ор ieta 
sane RMI Ge de Albeit o France 2094 sd onis 
аца! vost i мі) aj bocictabou Mob 3 
тылу n WA эрде! dote n 
Tiras лә н ie 
сфе node i! — dti», " «ама an 


| mm furti ot eee: 
ин TM ч қ =} ү y” мы den mu bov "m 
жек vaty rT - UL рж h no M lio e! 


( ee ee , 
„ae | 4 n mangan 
ыч 2 


тч м aw Oir 
— PORTR, 

LER. г. Зара 
РЕТТІ б Wo ci 
bc. n Tux 


ш эм! AL.‏ فک چ 
n а int cri‏ 8 
Gogh o2 1‏ 


Эйт, ALD s 


WRITING BASIC PROGRAMS 


n 
CONCEPTS: ed 


In Chapter VII we saw. how to read BASIC programs. In this 
chapter we will describe the most important rules to be followed in 
writing BASIC programs. 


By the end of this chapter you must be able to write small BASIC 


programs using numbers, variable names, expressions, arithmetic state- 
ments, control statements and pumps statements. 


! 


"Sorry Bachu, І ат in a hurry. My father has bought a computer. 
ГЇЇ have to run along to teach him BASIC" 


In the last chapter, we explained the syntax and the semantic rules of 
a programming language. In this chapter, we will give these rules for a 
subset of BASIC so that you can write simple BASIC programs. 


121 Basic Statements for Numerical Computation 


For completeness, we repeat the rules given in the last chapter for 
variable names. 


If we want to store numbers in memory, recall them and manipulate 
them, then we need to label "boxes" in memory. A variable name is used 
for this purpose. 

Variable name: syntax rule: 


A variable name consists of one letter, a sequence of letters, or a 
sequence of letters and digits. The first character in the sequence must be 
a letter. The second and subsequent characters must be letters or digits 
but not any special character. Thus the following are valid variable names: 


(i) В 
(i) S2 
(iii) SUM 
(iv) P346A 
The following are invalid 
(i) RNO. (. is neither a letter nor а digit. It is a special character) 
(ii) 2ND (First character is not a letter) 
(іі) $TWO (First character is not a letter) 


Remarks: BASIC in many small computers restrict the number of 
characters in a variable name to two. In such computers the variable 
name SUM will be considered incorrect. Most current computers, 
however, do not have such a severe restriction. 


Numeric Constant : 


A numeric constant is a number which does not change during 
computation. There are two types of numeric constant. One is called an 
integer constant and the other a real constant. Ап integer constant is a 
whole number without fractions. А real constant has a fractional part. 
Numeric constant: syntax rule 

A numeric constant consists of one digit or a sequence of digits. It 
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may be preceded by a + or — sign. И may have at the most one decimal 
point. 


The following are valid numeric constants: 
(i) —2 


(ii) +356 
(іі) 325 
(ivy 465.28 
(v) —.00425 
The following are invalid numeric constants: 
(i) — +85 (More than one sign) 
(i) 25,000 (Comma not allowed) 
(iii) | 35.625.26 (More than one decimal point) 
(iv) 652-49 (Minus sign in the middle) 
(уу) 2LAKHS (Not a numeric constant as it has letters in it) 
Arithmetic Expression: 


An arithmetic expression is a series of variable names and constants 
connected by arithmetic operation symbols. The arithmetic operation 
symbols used are -- for addition, — for subtraction, * for multiplication, 
/ for division, t for raising to a power. During the execution of a program 
the numbers stored in variable names are used, the arithmetic operations 
are performed and the value of the expression is calculated. 


Syntax rules 


An arithmetic expression may be formed by combining a variable 
name or a constant with others using arithmetic operators provided the 
following conditiors are met: 


1. Two arithmetic operators should not occur in succession 

2. Only the specified operator symbols, namely, +, —, ^ L or 1 may be 
used. 

3. No operators are assumed to be present. They must occur explicitly 
in an expression. 


4. Parentheses may be used to. enclose the expression. or sub- 


expressions within an expression. ! 
" өй коз IS ENOS Jiran) 
The following are valid arithmetic expressions: 


() A +B – 8.5 
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(ii) PRICE * RATE 

(ш) (X + Y(X — Y) 

(iv) -X -- Y/X tA 

(v) Х-2/(Х + Z) t (P*Q) 

The following 'are invalid expressions: 


(i) A" —B (Two operation symbols occur next to each 
other) 
(i) X.Y +Z (- is not an operator) 


(iii) X14—2X +3 (lf multiplication was intended * must occur 
between 2 and X. It is not assumed to be 
present) 

(м) Х7(1--Ү)”2)"Р (One parenthesis is missing) 


Calculation of arithmetic expressions: 

The value of an arithmetic expression is calculated by performing 
arithmetic operations one after another. The expression is evaluated from 
left to right. All exponentiation operations (raising to a power) are done 
first. After this the expression is scanned again from left to right and all 
multiplications and divisions are performed second in the order in which 
the operators appear. Finally, the expression is scanned again and 
additions and subtractions are performed last in the order of their 
appearance. 

For example, the expression: 
X — Y/Z - Q1 P*R 
is evaluated as: 
(i) Q t P first-Let Q t P bea 
(ii) Y/Z and а” В next. 
(iii) Let Y/Z be b and aR be c. Finally we evaluate X—b and add cto 
it. 
Thus if-X 27, Y=9, 2-3, Q=4, P=2 and R=8, the number 
evaluated will be: 
412-16 first 
9/3 —3 and 16*8 = 128 next 
Finally we get 7—3- 128—132 as the value. of the 
expression. 
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Parentheses are used if any of the expressions is to be calculated first. For 
example if Z+ О t P*R has to be calculated first we have to write the 
expression as follows: 4 

X — Y/(Z + Q1P*R) 
This will lead to evaluation of Z+ О 1 P* R first giving 3 + 16 + 8 — 27. 


The expression is scanned from left to right again and the same rules 
used giving 


Ү/27 =9/27 = 1/3 
Er li 
X-$-7—1- 6666666 


سے 


The operators are said to have an order or rank of precedence. 1 has 
the highest rank as it is done first, * and / have the next rank and — and + 
the last rank. Parentheses are handled just as in normal algebra. Thus, 
if more than one pair of parentheses are there, the expression within the 
inner most parentheses is evaluated first. 


Examples 
(i) Consider the expression: а? + b? — 2ab. 
А common mistake is to write this as: 
A*A + В*В — 2AB 


Some operator symbols are missing in this expression. 
It must be written as 


A'A + B'B — 2'A'B 


(ii) Consider the expression: ЖУ. 


А common error in writing this is 


X*Y/P*Q 
This will be evaluated аз: AY * Q which is wrong. 
The correct expression is: 
X* Y/(P* Q) 


жу 


(іі) Consider the expression: = 


A common error in writing this is: 
X+Y/P*Q 


p^ — 


% 


WRITING BASIC PROGRAMS 189 
This will be evaluated as: X + *Q 


If it is written as: X + Ү/(Р"О), it is still wrong as it will be evaluated 
as 
Y 
X+ PFO 
The correct expression is: (X + Y) / (P* О) 


де 39 
l4-X' 
А common mistake is to write it as: 1/1 +X 


(iv) Consider the expression: 


This will be evaluated at +X 


The correct expression is: 1/(1 + X) 


It is important to remember the rules of precedence of operators. 
It is always safe to use appropriate parentheses when in doubt. 


122 Assignment Statement 


A statement in BASIC is a line in a program. An assignment 
statement is used to assign a value to a variable name. To be more precise, 
an assignment statement is used to store a number in a memory box 
whose label is the variable name: 

Thus if we write 
10 P=(8—X)/(1 +X) 
then the arithmetic expression on the right hand side of the = sign is 
evaluated using the number stored in X. The resulting value is then stored 
in P. Thus if X =3 then (8 — X)/(1 + X) is calculated to give 5/4 = 1.25. 
This is stored in P. 

The equals-sign (=) is an assignment symbol and not identical with 
the symbol as it is used in algebra. It should really be read as is replaced 
by. Thus the statement above may be interpreted in English as: 


“P is replaced by the number calculated for the expression (8 — X)/ 
(1 + X)” or as “Let P be the number calculated on the right hand side 
of = sign”. In fact earlier BASIC programs required one to write: 


10 LET P=(8—X)/(1 +X) 


In current BASIC programs “LET” is optional. One may write it or drop it. 
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Syntax rules 


Every statement in BASIC has a unique line number. An assignment 
statement consists of a variable name followed by an “equal-to” symbol. 
To the right of the equal-to symbol one may have a constant, a variable 
name or an arithmetic expression. 


The following are valid assignment statements: 


(i) 10 Р=6.5 
(1) 15. О-В 
(i) 5 A=(B+C—D)/(X +A) 
(iv) 8 1=1+1 
The following assignment statements are incorrect: 
п 75 Р+О=5 (Expression on left side of = not 
allowed) 
(i) 10 3=A+B/C (Left side of = must be a variable 
name) 
(ii 15 AM = (Only one — symbol is allowed) 
(iv) 25 (X =P +Q) (Parentheses enclosing the whole of 


the assignment statement not allowed) 


(v) 18 X=P+Q; (Semicolon not allowed) 
(vi) 25 А =В +р. (Fullstop following D not allowed) 


Example 12.1 
If the cost of a dozen oranges is Rs. 15, find the cost of 32 oranges. 
We write the following BASIC statements to do this calculation 
10 СІЗ 1Б 
20 С C12/12 
30. ‹СЗ32 016782 ) 
Statements іп BASIC are performed from the beginning one after 
another. The statement numbers of successive statements must be in 
ascending order. In the above example in Statement 10 the number 15is 
stored in memory box with name C12. InStatement 20 the number stored 
in C12 is divided by 12 and the result stored in C. In Statement 30 the 


number in C (namely 1.25) is multiplied by 32 and the resulting number 
40 is stored in C32. : 
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Example 12.2 


Given that the radius of a circle is R— 6.5, find its area and 
circumference. 


10 В = 65 

15 P = 31416 

20 AREA = P RAR 
30 CIRCE ОРЕ 


123 PRINT Statement 


In the programs of Examples 12.1 and 12.2 we calculated a result 
and stored it back in memory. If one wants to see the result it must 
be printed or displayed on a video terminal. The statement used in BASIC 
for this purpose is a PRINT statement. 


Syntax rules 


A PRINT statement has the word PRINT which is followed by the 
variable names or expressions whose values are to be printed. These 
variable names or expressions are separated by commas. 

The following are valid PRINT statements: 

50 PRINT C28, C10 

80 PRINT P 'R*R,50*255 
60 PRINT (A+B)/(C+D), P 

40 PRINT CIRCE 

A message can also be printed by a PRINT statement. The message 
is enclosed within quote marks ("). A message can appear alone or it may 
appear along with variable name(s) or expression(s) whose value(s) are to 
be printed. 

The following are valid PRINT statements. 

60 PRINT “THIS IS THE ANSWER" 

70 PRINT “COSTDOZ =”, C12, СОЗОТ (СГ 
80 PRINT "VALUE =”, A *В/С,“Х+Ү=”,Х+Ү 
90 PRINT “CIRCUMFERENCE =”, CIRCE 
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The following are invalid 
60 PRINT “А = Х+У (Closing quote absent) 
170 WRITEX,Y (WRITE not allowed. The word is PRINT) 
180 PRINT, А, В (Comma after PRINT illegal) 
190 PRINT Z, P; (Semicolon not allowed) 


124 INPUT Statement 


In the programs of Examples 12.1 and 12.2, we assigned constant 
values to the variables C12 and В respectively. If we want to calculate 
C32 in Example 12.1 for many values of C12, then, for each value of C12, 
the Statement 10 should be changed. The same difficulty arises in 
Example 12.2 if the circumference is to be calculated for many values of 
R. An INPUT statement enables one to give different values to the 
specified variables by feeding the appropriate numbers via the 
computer's keyboard when the program is being executed. Thus if we 
write: 


10 INPUT AB 
20 С=А+В 
30 PRINT C 
40 END 


when the program is executed and the statement INPUT АВ is 
encountered, the computer will display a question mark (?) on the video 
Screen asking a number to be entered as the value of A. When that is 
entered, it will again display (?) asking for a second number which is to be 
assigned to B. 


Syntax rules 


An INPUT statement has the word INPUT which is followed by one 
or more variable names whose value is to be fed. The variable names are 
separated by commas. 

The following are valid INPUT statements: 

15 INPUT АВС 
20 INPUT X 
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The following are invalid INPUT statements: 
20 INPUT А+В,С (Expressions not allowed) 
25 INPUT 5D (5 is not a variable name) 
30 INPUT, АВ (Comma after INPUT is wrong) 


40 INPUT АХ (Semicolon not allowed, comma 
should be used) 


50 МРОТ “Х=”Х (“X=” ie. message not allowed) 
125 REM Statement 


This statement is used to include remarks in a program to explain 
what a program does. It is a good practice to include such remarks so that 
anyone reading the program can understand what it does. This will help to 
modify and improve a program. For example, 10 REM C IS THE COST 
OF ONE ORANGE is a REMstatement. REMstatements are ignored by the 
interpreter. Their main purpose is for program documentation. REM 
statements may appear anywhere in a BASIC program. Any number of 
REM statements may be used in a program. 


126 END Statement 


This statement is used as the last statement in all BASIC programs. 
This signifies that there are no more statements after this. It also stops 
execution of the program. 
150 END 
is an END statement. 


Example Programs 

We are now ready to write some full programs. A full program 
corresponding to Example 12.1 is given as Program 12.1. 
Program 12.1 Caiculation of price of oranges 


10 INPUT C12 
15 REMCIS COST OF ONE ORANGE 


20 C=C12/12 
30 С32 = C'32 
40 PRINT C32 
50 END 


Example 12.2 is given as Program 122. 
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Program 12.2 Area and circumference of a circle 
10 REMTHE FOLLOWING PROGRAM CALCULATES THE 
20 REM AREA AND CIRCUMFERENCE OF A CIRCLE 
30 REM В IS THE RADIUS 
40 INPUT К 
50 P =3.1416 
60 AREA =P *Е*Е 
70 CIRCE = 2'P °R 
80 PRINT “R=”, В, “АКЕА = ", AREA 
90 PRINT “CIRCUMFERENCE= ", CIRCE 
100 END 


The main advantage of using an INPUT statement is that it allows the 
program to be executed again and again with a large number of values of 
R. Each time the INPUT statement is executed, a question mark (?) 
appears on the screen of the video terminal and a number corresponding 
to the value of R may be entered. 


127 IF Statement 


The IF statement is a very important statement in BASIC. It 
implements the decision box of flowcharts. BASIC statements are 
normally executed sequentially one after another in the order in which 
they appear. If the sequence is to be altered due to a condition, then IF 
statement is useful. Consider the flowchart of Fig. 12.1. This may be 
translated into BASIC as Program 12.3. 


Program 12.3 Illustrating the use of IF statement 
10 INPUT X.Y,Z 
20 IF (Y =0) THEN 60 
30 R= X/Y 
40 PRINTR 
50 STOP 
60 A=X*Z 
70 PRINTA 
80 END 
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READ X. Y. Z 


PRINT A 


Fig. 12.1. Flowchart to illustrate use of IF statement. 


In Program 12.3, Statement 20 is an IF statement. It says that if the 
condition Y = 0 is true, then the next statement to be executed is 60. If the 
condition is false, then the statement following it, namely, 30 is to be 
executed. See also the new statement STOP. As the name implies it is a 
statement which commands that execution of the program is to be 
stopped. 


Syntax rules 

An IF statement has the word IF followed by the condition to be 
tested. The condition to be tested must be either true or false. The 
condition may optionally be enclosed in parentheses. Following the 
condition we have the word THEN and a statement number. 
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The following are some valid IF statements: 
20 IF A=B THEN 80 
30 IF (P*Q/R < 0) THEN 95 
40 IF (Z > = 0) THEN 115 
80 IFR < > 0 THEN 20 


In the last example the symbol < > means not equal to. The relational 
operators in a condition are: 


= Equal to 
> Greater than 
< Less than 

> = Greater than or equal to 

<= Less than or equal to 

<> Not equal to 

The following are invalid IF statements: 
10 IFP*Q THEN 60 (P*Qisnota condition) 


20 IF P>Q THEN (R-5; X= 7) (Only statement number 
allowed after THEN) 


30 IF (A < В) THENIF (X = Y) THEN 80 (Two IFs not allowed) 


25 IF (A- B» C) THEN 60 (Condition must relate only two 
variable names) 


Suppose the cost of oranges per dozen is Rs. 15/- and if one buys 
more than 5 dozens, the price is reduced by 1096 per dozen. Write a 
program which will calculate the price of N oranges. N is any arbitrary’ 
number. 


Program 12.4 Calculating discounted price 
10 REM C12 IS COST OF DOZEN ORANGES 
20 REMNIS THE NUMBER OF ORANGES BOUGHT 
30 INPUT C12, N 
40 C — C12/12 
50 CN=C*N 
60 IF (М > 60) THEN 90 
70 PRINT “ЧО OF ORANGES= ^, N, *COST- ", CN 
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80 STOP 
90 CN = CN* 09 

100 PRINT “NO OF ORANGES= "N, “COST= ", CN 
110 END 


128 GOTO Statement 


In some problems it is necessary to skip executing some statements. 
In this case, ап unconditional jump statement is required. The siatement 
GOTO n, where n is a statement number, commands that the next 


statement to be executed is n. 
Syntax rules 


A GOTO statement has the word GOTO followed by a statement 
number. 


The following are valid GOTO statements: 
20 GOTO 25 
35 GOTO 850 

The following are invalid GOTO statements: 


20 GOTO M (M is not a statement number) 


25 GOTO 20-30 (20-430 is not a statement 
number; it is an expression) 


35 СОТО 0 (015 not a valid statement number) 


Example 
Program 12.4 may be rewritten using a GOTO statement as shown 
in Program 12.5. Observe that when no discount is applicable the 
statement 80 which calculates the discounted price is skipped by the 
statement 70, namely, GOTO 90. 
Program 12.5 Discounted price calculation: Use of GOTO 
10 REM C12 IS THE COST OF DOZEN ORANGES 
20 REMNIS THE NUMBER OF ORANGES BOUGHT 
30 INPUT C12, N 
40 C=C12/12 
50 CN2C'N 
60 IF (N > 60) THEN 80 


198 COMPUTER PRIMER 


70 GOTO 90 

80 CN=CN*09 

90 PRINT “NO OF ORANGES- ”,N, “COST = ”, CN 
100 END 


129 FOR Statement 


There are situations where a group of statements will have to be 
repeated again and again. For example, for finding the average marks of 
N students in a class, we may use the following procedure. 
Procedure to find the average marks of N students: 
Step 1: Input N the number of students 
Step 2 : Let Sum of marks = 0 
Step 3 : Repeat for N students Steps 4 and 5 
Step 4: Input marks of a student 
Step 5 : Sum of marks — sum of marks + marks 
Step 6 : Average marks — Sum of marks/N 
Step 7 : Print N, Average marks | 
Step 8: STOP | 


The above procedure can be written as Program 12.6 in BASIC. This 
program uses a FOR statement. 


Program 12.6 Finding average marks of students 
10 INPUTN 
20 SUM = 0 
30 FORI=1TON 
40 INPUT MARKS 
50. -SUM = SUM + MARKS | 
60 NEXTI 
70 AVGE = SUM/N 
80 PRINT *NUMBER OF STUDENTS- >, М 
90 PRINT “AVERAGE MARKS= ”, AVGE 

100 END 


WRITING BASIC PROGRAMS 199 


The primary purpose of a FOR statement is to instruct the computer 
to repetitively carry out a sequence of statements in what is known as a 
“oop” for a specified number of times. As shown in Program 12.6, 
Statements 40 and 50 are executed N times. The flowchart of Fig. 12.2 
illustrates how a loop is implemented by a FOR statement. 

A FOR statement specifies a variable name which is used as a 
counter to count the number of repetitions of the loop. Statement 30 in 
Program 12.6 is a FOR statement. In this statement l is the variable name 
for the counter. The initial value of the counter variable and the final 
value, namely, the last value of the counter with which the statements in 
the FOR loop are to be executed, are also given in the FOR statement. In 
Statement 30, 1 is the initial or starting value of the counter variable | and 
Nis the last value. Each time the loop is executed, lis to be incremented by 
1. This is called the "step size". The step size is assumed to be 1 unless 
otherwise specified. If some other step size is to be used, it has to be 
explicitly specified. If a step size of 4 is to be used, then one would write: 

FOR I = 1 TON STEP 4 
The end of a FOR loop is indicated by the statement 
NEXT I 


where 1 is the same counter variable as the one used in the FOR 
statement. 


Syntax rules 
The form of a FOR statement is shown below: 
FOR К = 4 TO 20 5ТЕР 2 


The word FOR ———3À 122% 
A variable name 
used as a counter 


The starting value 
of the counter ————— —- 


The word TO 
The last value of 


counter ———— — 5 
The word. STEP ИТИ ДАЛЕЛ ЕН 
The step size. The number by which K is to be incremented 
after each execution of the statements in loop. If the word 
STEP is absent, the step size is assumed to be 1 
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Initial value 
of counter 


Stetements 
in FOR loop 


Incrementing counter 
(Equivalent to NEXT 1) 


Final value of 
counter 


AVGE < SUM/N 


Fig.12.2. Illustrating a FOR loop. 
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The initial and final value of the counter as well'as the step size may 
be any integer positive, negative or zero. They may also be variable 
names provided they have already been assigned integer values. 
Normally the final value of the counter should be larger than the initial 
value. The last statement in the above FOR loop should be: 


NEXT K 

The following are valid FOR statements: 
РОВ М = 5 TO 50 
БОК Р = 15 TO 200 STEP 5 
РОВ О---5 TO 0 
РОВ В -10 702 6ТЕР-2 
FOR J = К ТОМ SIEPM 


The following are invalid FOR statements: 


FOR М--К -57050 (М--К not а variable name) 

FOR P—15 TOK 4 J (К + J not a number or variable name) 
FOR О = I TO К STEP-M (—M not a variable name) 

FOR R=ITOI+5 (13-5 not a variable name) 


Example of use of FOR statement: 
Program 12.7 Prints all odd numbers between 11 and 28 
10 FOR I= 11 TO 28 STEP 2 
20 PRINT I 
30 NEXTI 
40 END 


Program 12.8 Prints squares and cubes of 1 to 16 
10 PRINT “NUMBER SQUARE CUBE” 
20 FORI=1to 16 
30 SQUARE = 1 * 1 
40 СОВЕ = SQUARE * 1 
50 PRINT I, SQUARE, CUBE 
60 NEXTI 
70 END 
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Program 12.9 Prints powers of 2 from 1 to 20 
10 POWER2-1 
20 FORI- 1 TO 20 
30 POWER2 — 2 * POWER2 
40 PRINT 1, POWER2 
50 NEXTI 
60 END 


Observe that in Program 12.9, each time the loop is executed, the 
previous value of POWER2 is multiplied by 2 giving the next value. 
Observe that we have to initialise POWER2 outside the FOR loop. 


12.10 READ & DATA Statements 


There is also another statement available in BASIC to assign values 
to variable names. This is a READ statement. The numbers to be assigned 
to variable names are placed in a DATA statement (preferably) just after 
the READ statement. The numbers in DATA must appear in the same 
order as the variable names to which they are assigned. 


Example 
10 READ A, B, C 
20 DATA 55, 60, 75 


When the READ statement is executed the number 55 will be assigned to 
A, 60 to B and 75 to C. 


Syntax rules 


A READ statement has the word READ followed by one or more 
variable names whose values are to be read. The variable names are 
separated by commas. 


A DATA statement has the word DATA followed by one or more 
numbers which are to be assigned to variable names in READ statement. 
The numbers are separated by commas. 


The following examples give valid READ and corresponding DATA 
statements. 


Example 
15 READ X 
25 DATA 6.5 
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Example 

35 READM,N,R 

40 DATA 8,95, 10.8, 10.5, 11.8, 16.9 
In the second example above, observe that there are more numbers in the 
DATA statement than there are variable names in the READ statement. 
In such a case, when the READ statement is executed, M will be first 
assigned 8, N will be assigned 9.5, and R will be assigned 10.8. If the 
READ statement (Statement35) is executed once more in the program, 
then the numbers 10.5, 11.8, and 16.9 will be respectively assigned to M, 
N and R. Each time a READ statement is executed, it consumes a set of 
numbers from the DATA statement equal to the number of variable 
names in READ. 

The following examples are invalid READ and DATA statements: 
10 READ P*Q,R (No expressions allowed in READ) 


15 DATA 10, 15.5 


18 READ 8,A (8 is not a variable name) 

20 DATA 9, 15 

25 READ, A, B (Comma after READ not allowed) 

30 DATA 20.5, 9.5 

35 READ X, Y (A is not a number) 

40 DATA A, 20 

45 READ P,Q,R,S (Data for R & S not in DATA 
statement) 

50 DATA 5,8 


12.11 Built-in Functions in BASIC 


SQR(X) 
The argument X is assumed to be positive. The following program 


illustrates the use of square root. The program is to find the area of a 
triangle given that a, b and с are its sides. The formula for the area is: 


Area = Vs(s—a)(s—b)(s—c) 


where s = (a +b + 0/2 
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Program 12.10 Program to find area of triangle 
10 READA,B, C 
15 DATA 10, 15, 20 
20 $ = (А+В+С)/2 
30 AREA = SQR (S*(S—A)*(S—B)*(S—C)) 
40 PRINT “SIDES A=”, A, “B= ”, B, “C=”, C 
50 PRINT “АВЕА= ", AREA 
60 END 


We give below another program to find: 


(i) The area of a triangle given that the length of two of its sides are a 
and b and the angle included by these sides is 0 in degrees. 


(ii) Тһе length of the third side. 
The area of the triangle is given by the formula 


Area = } ab Sin а 


where a is the angle between the sides in radians. 
The size of the third side is given by the formula 


C = (22462 — 2 ab Cos a)? 
Program 12.11 calculates these. 


Program 12.11 Finding area and side of a triangle 
10 REM A, B ARE TWO SIDES OF A TRIANGLE 


20 REM THETA IS ANGLE INCLUDED BY THEM IN 
DEGREES 


30 READ A, B, THETA 
40 DATA 10, 15, 45 
50 Р= 3.1416 
60 ALPHA = THETA * P/180 
70 REM THE ABOVE STATEMENT CONVERTS THETA 
75 REM TO RADIANS 
80 REM BASIC TRIGONOMETRIC FUNCTIONS ASSUME 
85 REM ARGUMENT IN RADIANS 
90 AREA = A * B * SIN (ALPHA)/2 
100 C = SQR (A*A+B*B-—2*A*B* COS (ALPHA)) 
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110 PRINT “AREA= ", AREA, “SIDE= ”, С 
120 END 


Another interesting function in BASIC is the INT function. This finds 
out the integer part of a positive real number. 


INT (28.78) = 28 
INT(-41.25) = —42 
Observe that for negative real number it gives the next smaller integer. 


The INT function is very useful for rounding both positive and negative 
real numbers. To round a variable X we write 


ROUNDX = INT (X + 0.5) 


ЕХ = 28.78 ROUNDX - INT(29.28) — 29 

If X = 28.48 ROUNDX - INT(28.98) — 28 

If X = —41.25 ROUNDX = INT(-41.25 + 0.5) 
= INT(-40.75) = —41 

ЕХ = —41.6 ROUNDX = INT(-41.6 + 0.5) 


= INT(-41.1) = —42 


We will now write a program to illustrate the use of INT function. The 
problem is to find the sum of digits of a positive integer. For example ifa 
number is М = 25689 then the sum of digits of this number is S = 2+5+ 
6+8+9 = 30. The problem is to find the least significant digit of N. This 
can be found as: 


Least significant digit = N — INT(N/10) * 10 
— 25689 — INT(2568.9) * 10 
= 25689 — 2568 * 10 =9 
Having found the least significant digit, the next digit can be found as: 
N1 = INT(N/10) = 2568 
Let М = N1 
Next digit = N — INT(N/10) * 10 
= 2568 — INT(256.8) * 10 
= 2568 — 256* 10 =8 
This method can be repeated till all digits in N are added. This procedure is 
given as Program 12.12. 
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Program 12.12 Program to find sum of digits of a number 
10 REMN IS THE GIVEN POSITIVE INTEGER 
20 REM S IS SUM OF DIGITS 
30 READN 
40 DATA 25689 
50 5-0 
60 IF (N=0) THEN 120 
70 МІ = INT(N/10) 

80 DIGIT=N—N1°*10 
90 S=S + DIGIT 
100 М-М1 
110 GOTO 60 
120 PRINT “SUM OF DIGITS- ", S 
130 END 


The student is urged to follow the program step-by-step and check if 
it finds the sum of digits. 


We give in Table 12.1 all commonly available functions in BASIC 
and what they do. 


Remarks 
Absolute value ABS(X) = ЕЗ 
Arc Sine ASN(X) = Sin^'x not available in 
IBMPC 
Arc tangent ATN(X) = tank Returns value in 
range + 1/2 
Cosine COS(X) = Cos x x in radians 
Exponential EXP(X) = e* 
Integer INT(X) gives largest 
whole number not 
greater than x. 
Logarithm LOG(X) = log; ox _ gives log to base 10 
: to base e. in IBMPC 
Sine SIN(X) — Sin x x in radians 
Square root SQR(X) = yx x20 


Table 12.1. List of some common predefined functions in BASIC. 


10. 
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SUMMARY 


A variable name in BASIC is the label of a memory box where its 
value is stored. A variable name consists of one letter or a sequence 
of letters and digits. The first character in the sequence must be a 
letter. The second and subsequent characters may be letters or 
digits but not special characters. 


А numeric constant is an integer or a number with a fractional part. 


An arithmetic expression is formed by combining variable names 
with other variable names or constants using arithmetic operators. 


The arithmetic operators are +, —, *, / and 7. 


Arithmetic expressions are evaluated from left to right performing 
one arithmetic operation at a time. The operation 1 (exponentia- 
tion) is done first. The operation”, / (multiplication and division) are 
performed next. The operations + and — are done last. Expressions 
within parentheses are calculated first. 
An assignment statement is used to assign a value to a variable 
name. lt is of the type: 

Variable name — Constant or Arithmetic expression 
Every BASIC statement is given a numeric label. A BASIC program 
consists of a sequence of BASIC statements. Successive statements 
are given labels which are in ascending order and they are executed 
in the order in which they are written. 
A PRINT statement is used to print results calculated by a BASIC 
program. It is of the form: 


PRINT “VALUE=”, М, Р+0, 54285 
1 
The word PRINT | 


A message within quotes, variable names and/or expressions. 


An INPUT statement is used to read numbers entered via the key- 
board of a video terminal. It is of the form: 
INPUT А,В,С 
1 1 
The word INPUT one or more variable names 
separated by commas 


A statement beginning with REM is taken to be a remark, and 
ignored by the BASIC interpreter. It is used to annotate programs. 
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END is the last statement in a BASIC program and signifies the end 
of the program. 

IF statement enables a program to take alternate paths based on 
testing a condition. It is of the form: 


IF (A > B) THEN 60 
1 1 1 $ 
The word IF A condition The word A statement 
THEN number 


If the condition A > B is true then the next statement executed will 
be 60. If it is false then the statement following the IF statement will 
be executed. 


GO TO 60 is a statement which will require the program to execute 
Statement 60 next. 


A FOR statement instructs the computer to repetitively carry out a 
group of statements. It is of the form: 


FOR K = Sy IO OU ТЕР 2 
t 1 1 1 1 
The word FOR А varia- First Last Size 
ble name value value of 
used as of of step 
a counter count count 


If the word STEP is missing then the Step size is assumed to be 1. 
The last statement in a FOR loop will be 


NEXT К 
t 1 
The word NEXT counter variable used in FOR loop. 


A number of useful functions are predefined in BASIC. They are 
listed in Table 12.1. 


EXERCISES 


Pick the invalid variable names among the following. Explain why 
they are invalid. 


(i) YZ (i) IST (ін) RS.42 (iv) 045 (v) B*D4 
Pick the invalid numeric constants among the following. Explain 
why they are invalid. 


(i) 200,000 (ii) —25.256 (iii) +485—62 (iv) 20 THOUSAND 
(v) 30.11.84 
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Pick the invalid arithmetic expressions among the following. 
Explain why they are invalid. 

(i) А-В/А+В (ii) 2A+B/A+3B (iii) (X—Y)/ (X + 2* Y) 

(iv) (X 1 2- Y 1 2 (XY) (v) A"2 + 2°B 

Write BASIC expressions for the following algebraic expressions 


(i) а°+2аЬ+Ьс (ii) 2+0 (ii) © 
ax—2b x(x—a) 


(iv) 2x*+3x°+ax?+bx+ce 


(v) (1+xp)”° 
Calculate the values of the following arithmetic expressions 


(i) А*А-В/А+В (A—3, B=6) 

(ii) A/B/C (A= 18, B=2, C=3) 
(iii) B/A 1 24B (B=16, A=2) 
(у) A/A+B (A=4, B=3) 


(у) (1 + 2*А)/(1—2*А) A=.25 
Pick the invalid assignment statements among the following and 
explain why they are invalid 
(i) X = А+В/А—2*В (ii) X+Y=P+Q 
(ш) Y = 3*В+С (iv) P=Q=2*A+B 
(vy) X = P+Q; Y = Z+R 


Given that A is the area of a circle, write BASIC program 
statements to find the diameter of the circle. 
Pick the invalid INPUT statements among the following and 
explain why they are invalid 

(i) INPUT A, X, Y (ii) INPUT A, X+Y, Z 
(iii) INPUT A; B (iv) INPUT “P=”, R 
Write a BASIC program to find the surface area of a cylinder of 
diameter d and height h. 
Pick the invalid IF statements among the following and explain 
why they are invalid 


(i) IF(P=Q) THEN 80 (ii) IF(P+Q=R) THEN 60 
(iii) IF A THEN 90 (iv) IF A>B>P+Q THEN 85 
(v) IF P+Q > R+S 95 (vi) IF(R > S) THEN P= O 


(vii) IF A < D< F THEN 90 
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12.16 


12.17 


12.18 


12.19 


Write a BASIC program to find whether three points in a plang 
(x... у); (x, y) and (x, y.) ће along a straight line. 

Write а BASIC program to find if a triangle whose sides are a.b.c is 
à right angled triangle, 

Write а BASIC program to find the smallest of three positive 
integers. 


Write a BASIC program to find the sum of integers from 1 to 25 
and print the answer. 


Write а BASIC program to find the following sum 

S = 1L+x+x' +x’ ex'ex'-—— x^ 
Write a BASIC program to find the sum of odd integers from 1 to 
31. 


Write a BASIC program to find the sum of the sequence: 


1,,2,3,5,8,13,21,34,55,89 
Use а FOR loop. 
Write à BASIC program to solve the quadratic equation 
ах“+Ьх+с=0 
for the following values of a,b,c 
a b c 
0 3 4 
1 8 2 
2 4 3 
1 2 1 


Write a BASIC program to find the smallest number in a given set 
of 20 numbers. i 


ae 
— 
- 
Y 
-— 
С. 
у 

— 
Y 


\ «УО 
Му 
RUN 


У 


Look! that is what happens when you 


manipulate too many strings. 


*Mine is a long апа a sad tale!” said the Mouse, turning to Alice 
and sighing. 


“It is a long tail, certainly,” said Alice,"..... 
—Lewis Carroll 


In the last chapter we saw howto manipulate numbers. Another type 
of data processed by computers is strings of characters. For example in 
Program 7.9 in Chapter VII, which is a question-answering program, we 
used strings of characters rather than numbers as data. Suppose we want 
to sort a group of names in alphabetical order, the data here are again 
strings of characters (the list of names). If we want to write a program to 
correct spelling mistakes in a passage, then again we have strings 
of characters to manipulate. Thus it is important to know how to write 
BASIC programs for such tasks. 
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A variable name in which we want to store a string of characters is 
calleda string variable name. А string variable name uses the same syntax 
rules as variable names (defined in Chapter XII) except that a $ symbol is 
used as the last character. Thus the following are valid string variable 
names: 

(i) A$ 
(ii) М2% 
(іі) R2P4$ 


The following are invalid string variable names: 


(i) ST (No $ at end of name) 
(4) AB$$ (Two $ symbols not allowed) 
(іі) ФАХ2% ($ cannot occur initially) 


String constant 
A string constant is a sequence of characters enclosed within quote 
marks. The following are valid string constants: 


(i) “THIS IS A STRING" 

(ii) “$ABC23% + X7 

(iii) “А B CLASS МОМЕ” 
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The follawing are invalid string constants: 


(i) “THIS” IS A STRING” (Quote mark within string not 
allowed) 


(ii) “АВС() (No closing quote mark) 


13.2 String Expressions 


In the last chapter we formed arithmetic expressions by combining 


numerical constants and variables with arithmetic operators. +, —, e 
/and. t . Operations of addition, subtraction are not very meaningful on 
strings of characters. The useful operations on strings are: 


(i) 


(ii) 


(iii) 


Linking together two strings to form a longer string. For example, if 
we link the strings “HE CAME” and “HOME” the new string would 
be “НЕ CAME НОМЕ”. This operation of linking two strings to give 
a longer string is called concatenation. The operator + when applied 
to two strings performs the concatenation operation. 


Thus if a string 1 is “HE IS COM” and string 2 is “ING” then: 
string 1 + string 2 = “HE IS COM” + “ING” 
= “HE IS COMING” 


Selecting a specified number of characters from the left of a string. 
This is done with a pre-defined function and not an operator. This 
function is: 
LEFT $ (string, n) 
where stringis the given string, and n the number of characters to be 
selected. Thus: 
LEFT$ (“HE CAME HOME”, 7) = “HE CAME” 


Observe that a blank between HE and CAME is counted as a 
character. In all string manipulation operations a blank or space 
is a valid character and treated as such. : 


Selecting a specified number of characters from the right of a string: 
This is done with the pre-defined function: 


RIGHT $ (string, n) 
Thus 
RIGHT$(“HE CAME HOME”, 3) yields “OME” 


STRING MANIPULATION IN BASIC 215 


(iv) Extracting a specified number of characters from the middle of a 
string. This is done with the pre-defined function 


MID$ (string, n, m) 


The above function extracts m characters from the string starting at 
the n" character from the left of the string. Thus 


MID$(“HE CAME HOME”, 4, 7) = “CAME HO” 


(v) Finding the number of characters in a string. This is done with the 
pre-defined function: 


LEN(string) 
Thus LEN (“HE CAME HOME”) = 12 


133 String Assignment Statements 


We can assign string constants to string variable names. Thus if we 
write 
A$ = “SHE IS PAM” 


then the string SHE IS PAM will be stored in a memory box whose name 
is A$. We can perform all the string operations on variable names in 
which a string has been stored. 


Thus if: 
B$ = “PERED” 
then C$ = A$+B$ 
will assign to C$ the string: “SHE IS PAMPERED” 
The other functions applied to A$ are given below: 
X$ = LEFT$(A$,3) will store “SHE” in X$ 
Y$ = RIGHT$(A$,3) will store “PAM” in Y$ 
Z$ = MID$(A$,5,2) will store “IS” in Z$ 
Q$ = X$+Y$+Z$ will store “SHEPAMIS” in Q$ 
М =LEN(Q$) will give N = 8 


134 Some simple BASIC Programs using Strings 
The first program we develop is simple. It is a program to find the 


number of occurrences of the letter A їп а string. The procedure is given 
below: 
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Step 1: Find the number of characters in the given string 
Step 2: Extract a character starting from the left most character of the 
string 
Step 3: If it ап A increment count of А 
Step 4: Repeat Steps 2 and 3 till the length of the string is exhausted. 
The corresponding BASIC program is as follows. 
Program 13.1 Counting the number of A's in a string 
10 READ S$ 
20 DATA *AS MANY AS AVAILABLE" 
25 COUNTA = 0 
30..N = LEN(S$) 
40 FORI=1TON 
50 X$ = MID$(S$, I, 1) 
60 REM I TH CHARACTER STORED IN X$ 
70 IF (X$ = *A") THEN 90 
80 GOTO 100 
90 COUNTA = COUNTA +1 
100 NEXTI 
110 PRINT S$, COUNTA 
120 END 
The second program we develop is to re-write a set of names. The 
program is to take a set of names of the type: 
АКРЕ. RAO 
RAMESH BOSE 
A. RAM GUPTA 
RAJA S. VASAN 


and rewrite them with the last name first. The rewritten names should be 
RAO A.R.PR. 
BOSE RAMESH | 


GUPTA A. RAM 1 
VASAN RAJA S. | 
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The procedure is given below: 


Step 1: Input the given name and store it in NAME$ 
Step 2: Find the number of characters in NAMES. Let it be L 
Step 3: Scan NAMES from left to right and find the position where the 


last - 


or blank appeared. Let it be P 


Step 4: Create a string NEWST$ with the characters P+1 to L of 
NAMES at its beginning. Concatenate characters 1 to P 
of NAMES to the right of NEWST$ 


Program 13.2 in the BASIC program for doing this: 


Program 13.2  Re-writing names with last name first 


10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 


INPUT МАМЕ$ 
Р-0 
L=LEN(NAME$) 
FOR 1=1 TOL 
REM PICK EACH CHARACTER OF NAME$ 
REM AND SEE IF IT IS AOR BLANK 
X$ = MID$(NAME$, 1, 1) 
IF(X$= “”) OR (Х%--“”) THEN 100 
GOTO 110 
PzI 
NEXT I 
REM OBSERVE THAT P WILL CONTAIN THE LAST 


REM VALUE OF I WHERE А. OR BLANK OCCURS 
ALNEWST$= RIGHT$ (NAMES, І.-Р) 

RNEWST$ = LEFT$(NAME$, P) 

NEWST$ = ALNEWST$+ “.”+ RNEWST$ 

PRINT NEWST$ 

END 


As the last example, we will develop a procedure to find out if a given 
string is a palindrome. A palindrome is a word, verse or a sentence that 
reads alike forward (left to right) or backward (right to left). Some 
palindromes are: 
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MADAM 
ABBA 
ABLE WAS I ERE I SAW ELBA 


A procedure to find out whether a string is a palindrome or not is given 
below: 


Step 1: Input the given string in PAL$ 

Step 2: Find the length of PAL$. If it is <1 go to Step 6 

Step 3: Pick the left most and the right most character of PAL$. Store 
them in L$ and R$ respectively 

Step 4: If L$ = R$ then PAL$ could be a palindrome. If they are not 
equal then the given string cannot be a palindrome. Thus print 
that the given string is not a palindrome and stop 

Step 5: Take out the left most and the right most characters of PAL$. 
‘Store’ the new string obtained back in PAL$ and go back to 
Step 2 

Step 6: Print that the given string is a palindrome and stop. 


This procedure is written as BASIC Program 13.3. 
Program 13.3 Program to find if a string is a palindrome 
10 INPUT PAL$ 
15 PRINT PAL$ 
20 L=LEN(PAL$) 
30 IF (L< =1) THEN 110 
40 L$=LEFT$ (PAL$,1) 
50 R$=RIGHT$(PAL$,1) 
60 IF(L$ = R$) THEN 90 
70 PRINT “STRING NOT A PALINDROME” 
80 STOP 
90 PAL$=MID$(PAL$,2,1—2) 
100 GOTO 20 
110 PRINT “STRING IS A PALINDROME” 
120 END 


_ Observe that in Program 13.3 the function MID$ (PAL$,2,L—2) finds 
a string of length L — 2 (given that PAL$ length is L) starting from the 
second character from the left. It thus removes the left most and the right 
most characters of PAL$. 


| 


13.1 
132 
133 


13.4 
13.5 
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A variable name called a string variable name is available in BASIC. 
It is used to store a string of characters rather than a number. 


A variable name is identified as a string variable name by the 
presence of $ as the last character in the name. For example, 
variable name NA$ is a string variable name. 


A string of characters within quote marks is known as a string 
constant. 


The operator + when it is used with strings is a concatenation 
operator which combines two strings to create a longer string. 


There are four important pre-defined functions in BASIC to process 
strings. These functions are very useful for writing programs. These 
are: 


LEFT$(string, n) which picks n characters from the left of the string, 


RIGHTS(string, n) which picks n characters from the right of the 
string, 


MID$(string, n,m) which picks m characters from the middle of the 
string starting from the п” character from the left of the string. and 


LEN(string) which gives the number of characters in the given 
string. 


EXERCISES 


What is a string? 
What is a string variable name? 


Are the following valid string variable names? If your answer is 
*No", explain why it is invalid. 


(i) B$ (ii) ABC25 (iii) AC + S$ (iv) $B'$ (vy) AB'CD$ 


What is a string constant? 

Are the following valid string constants? If not, explain why? 
(i) “THIS IS A BOOK” 

(ii) “A SET OF + — */? SYMBOLS” 

(iii) “A STRING IS HERE/ 

(iv) (IS THIS A STRING?) 

(ә) “ВАМА”$ BOOK" 
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13.6 Define a string expression. 
137 What is stored in A$ if the expression on the right is evaluated? 
(i) X$= "THIS BOOK” 
А$= Х$+ “15 MINE" 
(ii) В$= “RAMA” 
В$= "NATHAN" 
A$= R$+B$ 
. 13.8 Given: 
А$= “ABRACADABRA” 
Find (i) LEFT$(A$,4) 
(ii) RIGHT$(A$,6) 
(iii) MID$(A$,3,7) 
(iv) LEN(A$) 


13.9 Write a BASIC program to find the number of occurrences of the 
character B in A$ of Exercise 13.8. 


13.10 Write a BASIC program which will input a string and replace every 
occurrence of the letter A in it by B. Use the string A$ of Exercise 
13.8 to test your program. 
13.11 Write a BASIC program to read a string and print a reversed string. 
For example, if the given string is: 
“ABRACADABRA” 
the reversed string is: 
“ARBADACARBA” 
13.12 Given a string, write a BASIC program which will delete M 
characters starting from the N" character from the left and print the 


shortened string. Assume that N and M are inputs of the program 
along with the string. 
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CONCEPTS : 


In this Chapter we will explain: 


1. 
2: 


The difference between data and information 


The steps followed to process data to obtain useful 
information 

The method used to identify the data necessary to generate 
required reports 

The organization of data into transaction files and master 
files to facilitate retrieval of information 


The difference between batch, on-line and real-time 
processing of data. 


How come every time the dinner tastes exactly the same? 
Don't you knou, Sir, We are now Computerized! 


Data processing is mainly concerned with abstracting from large 
volumes of data meaningful information which can be etfectively utilised 
for various purposes. You may wonder what the distinction between data 
and information really is. For example, if I give you the number 560012 
you may take it as a phone number, a roll number of a student or as a 
postal PIN code. The number by itself is meaningless. 1 have to tell you 
how to interpret it and then it becomes a piece of meaningful information. 
In this case if it is associated with a postal address, it will be interpreted as 
a pin code — indeed it is the pin code for the Indian Institute of Science, 
Bangalore. Let us take another example. | may give a form to each 
student in a class and ask him/her to fill in his/her date of birth, sex, 
number of brothers and sisters. A collection of these forms constitutes 
some data regarding the class. Suppose I process the data in these forms 
and calculate the average age of students in the class, the percentage of 
girls in the class and the average number of brothers and sisters of the 
students, this processing abstracts information about the class which is 
more useful than the raw data. 


Data processing is in fact the major application of computers. More 
than 7596 of the people employed in computer-related jobs are in data 
processing. Eventhough early computers were invented with the 
objective of doing computation for scientists and engineers, soon their 
potential in data processing was realised. Now more than 7596 of 
installed computers are employed in processing data for business and 
industry. 

The major data processing applications in business are to keep upto- 
date record of items in stock and to initiate ordering when items are about 
to be exhausted (known as inventory control), calculate the pay of 
employees, keep accounts of income and expenditure, plan production 
etc. In this chapter, we will look at the various steps in processing 
data. 


141 Steps in Data Processing 


The basic steps in data processing are: 
ee Determining what data is required for obtaining the desired 
information. 
ee Designing form(s) for data collection and entering the data in the 
form(s). 
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ee Entering the data from the form(s) into a computer's memory or 
floppy disk using the keyboard of a terminal. 


ee Organizing and storing the data to facilitate processing and 
retrieval of information. 


ee Processing the data by using appropriate program(s). 
ее Generating the required reports containing the desired information. 


We will now discuss each of these steps. 


In order to find the basic data required to get the desired outputs, we 
should work backwards. In other words one has to ask himself the 
question, “ІН I want to get a specific output, what input data is necessary?". 
In the example we considered at the beginning of this chapter each 
student in a class was asked to fill a form giving his/her date of birth, sex 
and number of brothers and sisters. From this data we cannot get the 
information on the tallest student in the class. If that information had been 
considered necessary, we should have included in the form a column 
asking a student to write his/her height. Sometimes too much data is also 
collected in form(s) which are not used for getting any information, for 
example, asking each student to enter in the form the height of all his/her 
brothers and sisters. This data will not be useful for getting any relevant 
information about the class. The task of finding necessary and sufficient 
data to be collected in order to obtain all relevant information (by 
processing the collected data) is performed by systems analysts. 


142 Determining Data Requirements 


In order to explain the steps in data processing, we will revert to the 
example of a clerk preparing a bill of sale considered in Chapter II. In that 
example, the only aim was to develop a sequence of instructions to be 
given to a clerk to prepare a bill of sale for items sold to a customer. If we 
wish to design a data processing system for a store, it would be desirable 
to expand the objectives. We give below a list of objectives of such a data 
processing system. 


l. To give a customer the list of items issued to him along with their 
cost. 


2. To bring to the notice of the manager the items in the store whose 
stock is low. This will enable him to reorder them in time so that they 
do not go “out-of-stock”. 
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3. Toautomatically supply to a customer his pending unfulfilled orders 
as soon as new stocks arrive. 


Such a system is called a stores order processing and stores inventory 
control system. 

To meet the above objectives, the reports (or outputs) shown in 
Tables 14.1, 14.2 and 14.3 should be generated by the system. 


Customer Code: RH254 Date: 29.485 
Customer name and address: RAMA HOTEL 

252 M.G. ROAD 

PUNE 411001 


Item Quantity Quantity 
name ordered supplied 


Grand Total : 


Total 
per ees cost 


SUG2 


Table 14.1. Issue slip-bill to a customer, 


Item name Current quantity Quantity to 
in stock be reordered 
Sugar 100 2000 
Table Salt 500 


Item code 


ТА$1 


Table 14.2. Re-order report. 


$962 SUGAR 


Table14.3. Back-order report. 


Customer code 


Quantity to 
be supplied 
eiie ay 


Table 14.1 is very similar to the bill of sale given to a customer. The 
main difference we see between Table 14.1 and Table 2.2 is the inclusion 
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of customer code and item code. We will explain the need for these codes 
later. 


Table 14.2, the re-order report, is to be used by a Manager to 
replenish stocks in the store. The quantity to be ordered is pre- 
determined, based on how much is consumed during a specified period 
and the average time it takes to get the supply. 


Table 14.3 is a list of items to be supplied to customers which could 
not be supplied earlier as sufficient stock was not available in the store. 
This is called a back-order report. 


The next question we ask is "What data is required to obtain these 
reports?" Starting with Table 14.1, we see that a customer is expected to 
give his code, name and address, the code of the item he wants, its name, 
and the quantity ordered by him. This is the input data to be provided by 
the customer. In a computer-based system, he would be expected to fill 
this data in a form, which we will call a customer request form. The 
quantity actually supplied would depend upon the available stock and is 
calculated by the data processing program. This is an output of the 
program. 


The price per unit should be data available for reference and 
provided to the order processing system. Total cost is, of course, 


calculated by the program and is an output. | 


Referring to Table 14.2, the data for the first two columns are input 
data available from the customer's request form. Current quantity in stock 
is obtained by subtracting the quantity issued from the previous quantity 
in stock. Quantity to be reordered for each item is data which should be 
provided to the system. 


Referring to Table 14.3 the data in columns 1 to 3 are available from 
customer request and are input data. Column 4 is calculated by the 
program. It is the quantity to be supplied later to the customer as the 
customer's full requirements could not be supplied due to shortage of 
stock. 


We see from the above analysis that data requirements to produce 
reports may be classified as data to be input and data which should be 
available for reference by the system. Data for reference are normally 
stored in a file called a master file. We will see later what kind of data must 
be contained in the master file for this example. Figure 14.1 is a simple 
diagram showing the flow of data in this system. 
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Items issued 
and bill 
Stores 
Data Re-order report Output 
Input data reports 
Processing po 
(customer order) 
Back-order 
report 


Data for reference 
(master file) 


Fig. 14.1. Illustrating flow of data in stores data processing. 


143 Designing Forms and Entering Data 


In the example being considered, the input data consists of 
customer's orders. The format of a customer order is given in Table 14.4 
and a typical order form is shown in Table 14.5. As the information in the 
form is to be entered manually into a computer's memory for processing, 
it is imperative to enter it legibly and correctly. 


Note that we have used codes, besides names, for items and 
customers. For computer-based processing, codes are essential because 
of many reasons. Firstly, a code is a unique identification of an object. For 
example, the item name Pulav Rice may be spelt in different ways: Pilaf 
Rice, Pulav Rice, Pulau Rice, Pulao Rice. etc. All these are really 


Customer Code 


date of order 
Customer name and address 


Items ordered 


Item code 


Table 14.4. Customer order. 
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| Enter your code correctly 


[вн] 2]|s]«] 


Date 
RAMA HOTEL 
252 MG. ROAD Го [5 [о [з [s[5] 
РОМЕ 411001 рр MM Y Y 
Item Code Item name Quantity ordered (in Kg) 
Pulav Rice 600 
Chana Dal 50 
Table Salt 50 
Sugar 100 


Table 14.5. A typical order form. 


"synonymous" spellings and if a computer is to process items' names, all 
these synonymous and similar names must be recognized as equivalent by 
the program—a difficult task. If there are two or three varieties of Pulav 
Rice in the store with differing prices, a customer should be able to 
correctly order what he wants. In such a case, each variety of Pulav Rice 
should have a unique code. Secondly, a code is concise. The number of 
characters in the code for an item is much smaller than those in the item 
name. This reduces the time to compare item code in customer order with 
that in the stores catalogue. 


Codes are usually designed to be precise and concise and also 
convey some meaning. For instance, with repeated use of codes, one may 
remember PVR2 as the code for “Ршау Rice variety 2". 


The data in the customer order form are entered and stored in a 
floppy disk or similar magnetic medium. Besides the customer 
information, the input form contains a number of rows, each row 
representing data on an item ordered. Each row is called a record. The 
different pieces of data which together constitute a record are called its 
fields. In this example, item code, item name and quantity ordered are the 
three fields in a customer order record (see Table 14.6). A collection 
of similar records constitutes a file. Thus the customer order file in this 
example will have in its first record, data about the customer, while all the 
other records will be similar and contain data on items. 


To facilitate searching of items in the catalogue, the order file is 
, 
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k— Customer order record — >| - Another record — 


Нет Qty. Qty. 
name ordered ordered 


k- key field ә field -Ж- field — 
Table 14.6. Customer order records. 


sorted in ascending order of item code. Letters in the code are arranged 
from A to Z and digits from 0 to 9. If the items are not organized in same 
order, it will usually take longer to search. In daily life we see, for example, 
telephone directories, dictionaries, etc. arranged in alphabetical order to 
ease search. As the item code is unique, and used for searching, it is called 
the key field. The customer order file is called a transaction file as it is a 
collection of records, each representing one transaction. А request for 
issue of one item is a transaction in this case. 


144 Organizing and Storing Data in a Master File 


The data necessary to process customer transactions are: item code, 
item name, quantity in stock and price per unit. This data is sufficient to 
create the output of Table 14.1. In order to get the reorder report of Table 
14.2, we also need a re-order level which specifies the stock level at which 
reorder should be initiated. In addition to reorder level, we also need the 
quantity to be reordered. No further data are needed to generate the 
report of Table 14.3. 


In Table 14.7 the data required to process each transaction is given. 
A collection of these data is known as a master file. The data in the master 
file is relatively stable. Except for the current quantity in stock, other fields 
of each master record do not change. The number of records in a master 
file is also reasonably constant; the number of distinct items stocked by a 
store does not change much. 

In order to create the master file, unique codes are assigned to all 
the items in the store. Item code, name etc. as in Table 14.7 are entered in 
forms. They are entered from these forms to a magnetic medium such as a 
floppy disk using a data entry device. The data is then sorted in ascending 
order in terms of the item code which is the key field. This step is 
called file creation. As mentioned earlier, great care should be taken not 
to make wrong entries in forms. Usually a program called an edit program 
is used to check the accuracy of the data being entered in a master file. 
Errors made while entering data are detected and such data are not put in 
the master file. 


230 COMPUTER PRIMER 


key field—|— field | — fields 


Item code Item Price Qty. in reorder 
name per unit stock level 


quantity 
to be 
reordered 


Master 
File 


Master 
record 


Table 14.7. Master file format. 
145 Processing Data 


А processing program is written to obtain the output reports from 
the given input and master file data. As a first step in developing such a 
program the procedure is written in plain English. This is useful in 
clarifying the procedure to a non-programmer. It also serves as a 
permanent record of the method used in processing. We give now a set of 
processing rules. 


Procedure for Processing customer request file and 
obtaining required reports: 


l. Read customer code, name, address, date of order from customer 
file and store in *data on 'customer", 


2. Read a record from master file. 


Read an item order record from customer file (transaction file). 
Repeat Steps 4 to 10 until no records are left in customer file. 


4. Compare item code in customer file with item code in master file. 


5. If no match, continue reading master file records until item codes 
match. 


6. Compare quantity ordered in customer record with quantity in 
stock as given in master file record. 
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7. If quantity ordered < quantity in stock, then enter quantity ordered 
in issue report; using price per unit from master file calculate total 
price and enter in issue report. 


8. If quantity ordered > quantity in stock then enter quantity in stock 
in issue report; calculate total price as in last step and enter in issue 
report; enter (quantity ordered—quantity in stock) in customer back- 
order report. 


9. If (quantity in stock—quantity ordered) < reorder level, then enter 
item code, name, quantity in stock and quantity to be reordered in 
reorder report. 


10. Read next record from customer file. 


ll. Calculate sum of total price column in issue report and enter it as 
grand total. 


12. Rewind master file so that it is ready for use with next customer's 
file. 


The procedure written above assumes that both the customer 
request file (which is the transaction file) and the master file are 
sorted in ascending order of item code which is the key field. This 
allows us to match customer file records one by one with the master 
file records. This method of processing is called sequential processing. 


If a number of customers' orders are to be processed, then each 
customer's orders are sorted individually first. Then these sorted orders 
are arranged to form a batch. This batch of orders are then processed 
using the procedure given in this section. This method is called batch 
processing. Batch processing is appropriate if instant reply to queries is 
not required. The main advantage of batch processing is its efficiency. The 
master file is systematically read from its beginning to end and 
transactions are processed, one by one, reducing search time. 


146 On-line Systems 


Consider a situation in which customers arrive one after another to a 
store and give their request for items one by one to a clerk, Each customer 
expects the clerk to immediately tell him, while he waits, the availability of 
the item and its price. It is possible to cater to such requests in a computer- 
based system. Such a system is called an on-line system. In such a system 
the item code in a customer's request is entered by the clerk via the key- 
board of a video terminal, the item code is searched in the master file and 
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as soon as it is found, the required information is retrieved and displayed 
on the video terminal. The crucial requirement in such a system is quick 
retrieval while the customer waits. Thus the time to search the master file 
should be minimised. Searching for the item code sequentially, i.e. one 
record after another in the master file, is slow. Thus, on-line retrieval 
Systems use direct access to records in the master file rather than 
sequential access. The master file records are kept in a magnetic disk and 
each record is stored in a specified address in the disk. The address of a 
record stored on a disk is specified by the track number, surface number 
and sector number where it resides. An algorithm is used which translates 
the item code of a customer's request to the address on the disk 
where the corresponding master file record is stored. The disk head is 
programmed to move to this address and directly retrieve the required 
record from the master file. The retrieval is thus very fast as we do not 
have to search the entire master file to locate the specified item. The 
success of the method depends upon selecting a good translation 
algorithm which will give a unique disk address for each item code. The 
method, of course, assumes that the master file is stored in an addressable 
memory such as a disk. 


Another important example of an on-line system is a railway ticket 
reservation system. In such a system, the master file will contain 
information on all the trains for which reservation can be made from that 
station, and the number of berths available in each class on each train. 
The key field in this master file would be the train number because all 
enquiries made will be with respect to specific trains. When a passenger 
requests for reservation in a particular train, on a particular date, the 
master file is searched and the relevant record is retrieved while the 
passenger waits. If the required number of berths are available, the 
reservation is confirmed and the number of berths available is reduced by 


the number allotted to the passenger. This modified record is stored back 
in the master file. 


14.7 Real-time Systems 


Another important type of computer-based system is called a real- 
time system. Consider a situation where the movement of a number of 
electric trains is to be controlled Бу a computer-based system. In such a 
case the inputs to the computer would be the starting and destination 
stations of each train and the position of various trains on the tracks. 
Using these inputs a program in the computer is expected to output 
commands to set the points of railway tracks and control red/yellow/ 
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green signals. These output commands control the movement of trains 
while the trains are moving, that is, in real-time. Thus, the time taken by the 
controlling program to set signals and points on tracks should be short and 
match the speed of movement of trains. If the program fails or is delayed, 
there will be serious accidents as signals may be set incorrectly or too 
late. Rapid running of programs is thus essential in real-time systems. On 
the other hand, for on-line systems, eventhough fast response is desirable, 
a small delay can be tolerated. It will not be catastrophic to let a passenger 
wait for a few minutes more to get his reservation on an on-line system. If 
he is travelling in a train controlled by a real-time system and there is a 
delay in controlling the signals, he may not reach his destination! 


SUMMARY 


1 Data processing is mainly concerned with abstracting meaningful 
information from large volumes of data. 


2. Informative reports are generated by processing data. Based on 
these reports, we can take decisions and initiate actions. 


3. More than three-fourths of the professionals employed іп computer- 
related jobs are in data processing. 


4. The major applications of data processing in business and industry 
are: inventory control order processing, pay roll calculation, 
accounting and production planning and control. 

5. The basic steps in processing data are: 

() Determining the data required to obtain the desired 

reports, 

(ii) Designing forms in which the data are entered, 

(ii) Entering data from forms into a computer's peripheral 
memory, 

(м) Organizing the data to ease processing and retrieval, and 

(v) Generating the desired reports by processing the 
organized data. 


6. We first specify the reports to be generated as outputs of a data 
processing system. We work backwards from those outputs and find 
out the data required to generate them. 


7. The necessary data may be divided into two sets: input data and 
data to be supplied to the system for its reference. 
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11. 
12. 


13. 


14. 


15. 


16. 


17: 


18. 


19. 


20. 
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Forms in which input data is to be entered should be designed with 
care to facilitate correct and rapid feeding of the data to a computer. 


Input data consists of a number of fields; a field is the smallest 
logical unit of data (e.g. roll number, name, marks, еїс.). 


A collection of related fields constitutes a record. 
A collection of related records constitutes a file. 


Some of the fields in a record are codes used to uniquely identify the 
entity. Codes are used to concisely and precisely represent 
important entities. A roll number, for example, uniquely identifies a 
student, an account number in a bank identifies a customer and item 
code an item in a store. 


One of the fields in a record, normally a coded field, uniquely 
identifies a record and is thus used to retrieve the record. Such a 
field is known as a key field. Roll number, for example, is a key field 
in a student record. 


An event, such as a request by a customer for issue of an item in a 
computer-based system, which triggers an action of the system, is 
called a transaction. A collection of transaction records constitutes a 
transaction file. 


Data, which is relatively stable, and is permanently required for 
reference in a specific computer-based data processing system, is 
known as a master file. 


A batch processing system is one in which a set of transactions arè 
batched and used to obtain reports from the computer. 


For efficient transaction processing with a batch processing system, 
the transaction file and the master file are both sorted in an 
ascending order of the key field. 


The method used to process data is expressed as a step-by-step 
procedure in simple English. This aids in program development and 
is useful as a documentation of the procedure. 


An on-line data processing system is one in which transactions are 
fed to a computer as and when they are received and outputs are 
immediately obtained. 


In an on-line system, the master file is stored in a directly 
addressable memory such as a disk. The master file record relevant 
to a transaction is directly retrieved by transforming the key of the 
transaction record to the master record address on the disk. 


DATA PROCESSING 235 


21. In a real-time-system, a computer is used to control a physical 
system (such as running trains) which operates independently. The 
time taken by the computer to process the data obtained from the 
system and generate control information must match the speed of 
the physical system. 


14.1 
14.2 
143 
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14.5 


14.6 


14.7 
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14.9 


14.10 


14.11 


EXERCISES 


What is the difference between data and information? 
What do you understand by the term data processing? 


Supply a few contexts in which the number 110011 can be 
interpreted in different but meaningful ways. 


What are the major data processing applications in business and 
industry? 

What are the steps and what is their sequence for developing a 
data processing system? 

What is the method used to determine the required data in a data 
processing system? 

Suppose I want to find out the tallest, heaviest and the youngest 
student in a class and whether such a student is a girl or a boy, 
what data should I collect from the class? 

What are the objectives of a stores-order processing and 
inventory control system? 

If a manager to whom a reorder report is given also wants the 
names of vendors from whom he can reorder, what extra 
information is necessary in the system? 

Distinguish between input data and data required for reference in 
a data processing system. 

An examination result processing system is to be developed with 
the following objectives: 


(i) To give to each student a marks sheet with his roll number, 
name, marks in 5 subjects, and class obtained. 


(ii) То mail to each student's parent/guardian a marks sheet. 

(11) To give a report to the Principal of the school, information 
on the number of students failed/passed and the average 
marks obtained by the class in each subject. 

What data are required to design the system? 
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Give the format of various reports specified in Exercise 14.11. 


What data will there be in the transaction file and what data will 
there be in the master file in Exercise 14.11? 


What is the key field in the files of Exercise 14.11? Justify your 
choice. 


Design a form for inputting data in Exercise 14.1 Т; 
Why аге some fields coded іп а data processing system? 
What are the essential and desirable characteristics of a code? 


What do you understand by the term "field" in a report or input 
data? 


What is a record? 

What is a file? 

What is a transaction? 

What is the difference between a transaction file and a master 
file? 

Give a data processing procedure in ordinary English for 
Exercise 14.11. 

What do you understand by the term batch processing? 


Should the data processing system for Exercise 14.11 be a batch 
system? Why? 


What is an on-line system? 


If, after the results have been sent to all the students, one student 
comes up with a doubt about his marks, how would you check it in 
a computerised system? 


How is a desired record retrieved in an on-line system? 
How would you identify the address of a record stored in a disk? 


Give a detailed step-by-step procedure in English to implement 
an on-line advance booking system in a Cinema theatre. What 
data will the master file contain in such a system? 


What do you understand by a real-time system? 


Whatis the difference between an on-line and a real-time system? 


PROCESSING FILES IN BASIC 


CONCEPTS : 


In this chapter we will study how to write BASIC programs to 
process files which are primarily used in data processing. 

By the end of this chapter you will.have understood 
How to create and store a file on a magnetic storage | 
medium % 
How to print the information contained in a file 
How to retrieve a record from a file and correct it, if 
necessary - Ld 


How to process a transaction file using information 
contained in a master file and create output files. 
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As the first step in creating a file we should open a file on a disk ora 
tape to hold it. А file is opened using the OPEN instruction. We can opena 
file and give it an identity (similar to address) and a name with the 
instruction 

А = OPENOUT “STOFIL” 


In the above statement, A is the identity of the file being created and 
"OUT" after OPEN indicates that we shall be writing data into this file on 
disk. STOFIL is the name by which this file will be referred. In brief we can 
state "open a file named STOFIL" in which information will be written and 
identify it by “А”. 


Once a file is opened we can write data into it using the instruction 
PRINT # A. The symbols # A after PRINT tells the computer to write on 
file # A. Observe that so far we used PRINT for typing on an output unit 
whereas here PRINT is used as synonymous to write. 


If we want to enter the master file records one after another using a 
terminal and store them in the file STOFIL, the BASIC Program 15.1 
would do it. In this program we assume that the end of STOFIL records is 
signalled by using a record 


END. XXX 99 99 99 99 


as the last record entered. This is the same as the sentinel we used to 
indicate end of data in Chapter VI (Section 6.4). 


In Program 15.1 the file STOFIL is opened (for writing) in statement 
20. In statement 30 the column headings of Table 15.1 are printed to 
facilitate data entry. Statement 40 requests the individual fields of the 
record to be input on the terminal. Statement 60 checks if the input is the 
end of records indicator. 


Program 15.1 BASIC program to create a file 

10 REM BASIC PROGRAM TO CREATE MASTER FILE 

20 A=OPENOUT “STOFIL” 

30 |. PRINT “ICODE INAME PRICE QTYST REORD QTYORD" 

40 INPUT ICODE$, INAME$, PRICE, QTYST, REORD, QTYORD 
50 PRINT A, ICODE$, INAME$. PRICE, QTYST, REORD, QTYORD 
60 IF (ICODE$ = *END") THEN 80 

70 GOTO 40 

80 CLOSE # А 

90 END 
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If it is not, then controlis returned to statement 40 to input more records. If 
it is, then the program jumps to statement 80. This statement commands 
that the file is to be closed. This statement informs the computer that the 
end of file has been reached. The computer would put an end of file 
marker and close the file. 

After entering this file if we want to print it, in order to check it 
against the input form, Program 15.2 would do it. In this program 
statement 20 opens the file named STOFIL as file A. The statement 
OPENIN opens the file STOFIL only for reading. This ensures that we do 
not accidentally write into it and destroy the information in it. Statement 
40 reads the file (or inputs information from the file) and stores the record 
in the main memory of the computer. Statement 50 checks if the end of 
file 4 A has been reached. If it is the end of file # A, control jumps to 80 and 
the file is closed. Otherwise the record stored in memory by statement 40 
is printed. After printing the record, control jumps back to 40 to input the 
next record from the file. 


Program 15.2 BASIC program to print a file 

10 REM BASIC PROGRAM TO PRINT FILE STOFIL 

20 А = OPENIN “STOFIL” 

30 PRINT “ICODE МАМЕ PRICE QTYST REORD QTYORD" 

40 INPUT 4 A, CODES, INAME$, PRICE, QTYST, REORD, QTYORD — 
50 IF EOF # A THEN 80 

60 PRINT ICODE$, INAME$, PRICE, QTYST, REORD, QTYORD 

70 GOTO 40 

80 CLOSE # A 

90 END 


15.2 Correcting a Record in a File 


If after printing the file we find one of the records, say, the record for 
item code RSAS, has 8.20 in the price per unit field instead of 5.20. We 
should then replace this record with the correct record. In order to do this 
we should read STOFIL starting from the first record. This record is 
copied to another file we name STONEW (The choice of this name is 
arbitrary). Reading a record from STOFIL and copying it in STONEW is 
continued until we reach the record with item code RSA5. The value of 
the incorrect field is corrected by a statement in the program and rest of 
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the fields of the record are stored in STONEW. The rest of the records of 
STOFIL are now copied into STONEW. This procedure seems stupid. 
One might ask why not read the record with item code RSA5 directly from | 
STOFIL and replace the incorrect field directly? This could be done only if | 
the BASIC language has direct access facility to any record in a file. 
Unfortunately this is not usually available and we are forced to read the 
records in а file sequentially one record after another. All the files we | 
discuss in this chapter are written sequentially and read sequentially. | 


We have to use two files, STOFIL and STONEW, because sequential 
files can be opened and used for either input or for output, but not for both. 


Program 153 illustrates how the price per unit field of the record 
with item code RSA5 is replaced with the correct value and stored in the 
new file STONEW. Statements 20 and 30 open two files; STOFIL to be 
read and STONEW to be newly created with the corrected record. 
Statement 40 reads a record from A. In statement 60 we check if the item 
code is RSA5. If it is RSA5 then in statement 80, PRICE field is replaced 
by the correct value and in 90 the corrected record is written in 
STONEW. If it is not RSA5, then we jump to 90 which copies the record as 
is. File STOFIL is read and copied into STONEW until end of file is 
reached. 


Program 15.3 BASIC proaram to correct a record in a file 
10 REM PROGRAM CORRECTS A FIELD IN A FILE 
20 А = OPENIN “STOFIL” 
30 В = OPENOUT *STONEW" 
40 INPUT # A, ICODE$, INAME$, PRICE, QTYST, REORD. QTYORD 
50 IF EOF #А THEN 110 
60 IF (ICODE$ = “RSA5”) THEN 80 
65 GO|rO 90 
70 REM PRICE FIELD CORRECTED BY STATEMENT 80 
80 PRICE = 6.20 
90 PRINT # B, ICODE$, INAME$, PRICE, QTYST, REORD, QTYORD 
100 GO TO 40 
110 CLOSE # A 
120 CLOSE 4 B 
130 END 
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153 Processing Transactions 


In this section we will examine how a bill of sale can be computed 
and printed for a given set of customer orders. For simplicity we will 
assume that all the items ordered by the customer are available in stock 
and the requested quantity is also available. We will see later how the 
program can be modified to accommodate the case when the required 
quantity is not available. 


This problem is the same as the one discussed in the last chapter. 
The master file contains data relevant to various items stocked in a store. 
We call it STOFIL. The transaction file is the file containing a customer's 
order. We call it CUSFIL in this section. The procedure we are going to 
discuss, and program in BASIC, is the method used to process CUSFIL 
(transaction file) using STOFIL (master file) and create as output the 
customer's bill. In the next section we will extend the procedure 
further to produce, besides a customer's bill, a file containing customer's 
pending orders which could not be fulfilled due to shortage of stock (Back- 
order file) and a file containing data on items to be reordered by the store 
as they are almost exhausted. 


Customer Code VR002 
Саз ег address V. RAMAN Date 15 JUNE 86 


Item code 


Table 15.2. Customer's order. 


We will assume that a customer's order is in the form shown in 
Table 15.2. Observe that the end of customer order is signified by 
using XXX as the item code. Program 15.4 reads a customer's order 
and stores it in a file named “CUSFIL”. 


Assuming that both CUSFIL and STOFIL are available, the 
flowchart of Fig. 15.1 illustrates the logic of processing. Referring to 
Fig. 15.1 in Step 1, we read from the customer file the customer's code, 
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READ AND PRINT 
CUST CODE NAME, ADDR 
DATE 


2 TOTAL PRICE =0 


3 READ REC. FROM CUST. FILE 


13 
: <> à 
No 


14 


WRITE STOFIL 
RECORD IN STONEW 


PRINT TOTAL PRICE 


5 READ REC. FROM STOFIL READ ВЕС. FROM STOFIL 


17 
EOF 


Yes 
18 
Yes 0 
d Е е 
STOFIL 
E 


Yes QTY IN STOCK = 
QTY IN STOCK — 9 
QTY ORDERED 


WRITE STOFIL RECORD IN 
STONEW 


WRITE RECORD IN 
STONEW 


CALCULATE PRICE AND 
PRINT LINE OF BILL. 


ACCUMULATE 
f TOTAL PRiCE а 


Fig. 15.1. 


Flowchart illustrating customer order processing logic. 


E 
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name, address and date of order and print them. In Step 2 we initialise 
total price to accumulate price of each item. In Step3 we read a customer 
order record which contains item code, name and quantity ordered. As 
soon as we read a record, in Step 4 we check to see whether it is the last 
logical record. If it is not the last logical record then we go to Step 5 in 
which we read a record from the master stock file (STOFIL). Just as before 
as soon as we read a record we check in Step 6 whether it is the end of file. 
If not, then we compare, in Step 7, the item code of the customer order 
record with that of the record read from STOFIL. If they do not match then 
we write, in Step 8, the STOFIL record as is into the (updated) file 
STONEW and go back to Step 5 to read the next record from STOFIL. 


Program 15.4 Creation of customer order file (transaction 
file) 

10 С= OPENOUT *CUSFIL" 

25 REM CUSTOMER CODE AND ADDRESS STORED FIRST 

20 INPUT CCODE$, CADDR$, DATE$ 

30 PRINT # C, CCODE$, CADDR$, DATE$ 

35 REM TRANSACTIONS READ AND STORED 

40 INPUT IC$, IM$, QRD 

50 PRINT # C. IC$, IM$, QRD 

60 IF (IC$ = *XXX") THEN 80 

70 GO TO 40 

80 CLOSE #C 

90 END 


If the item code in customer file record matches with that in a record 
in STOFIL we go to Step 9. In this step we deduct items issued to the 
customer (which in this case is the quantity ordered by him) from the 
quantity in stock as found from STOFIL. This calculated value of stock is 
entered in the updated record in STONEW file. After doing this we go to 
Step 11 in which we calculate the price of the item issued by multiplying 
the price per unit found from STOFIL by the quantity issued. This 
information is used to print a line of the customer’s bill. The price of the 
item is accumulated in total price in Step 12. We now return to Step 3 to 
read the next record from the customer’s order file. 


If the end of customer’s order file is reached in Step 4, the next step 
taken up is Step 13 in which the total price is calculated and printed on the 
bill. As all the records in the STOFIL may not have been read when the 
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end of the customer order file is reached, in Step 14 we read a record from 
STOFIL. If it is not the end of file (Step 15) we copy the record 
in STONEW, in Step 16 and return to Step 14 to read another record from 
STOFIL. Reading from STOFIL and writing in STONEW is repeated until 
the end of STOFIL is reached. When this happens we go to Step 17 where 
we close all files and stop. 


We have given the flowchart as it is easy to see graphically the flow 
of control. The flowchart is written as Program 15.5 in BASIC (see page 
247). On the margin we have shown the correspondence between the 
flowchart steps and the statements in the BASIC program. In Table 15.3 
we have given the meanings of the variables occurring in the BASIC 
program. Thus, with the aid of the flowchart and Table 15.3, the BASIC 
program can be easily understood. 


Variable Name Meaning Where used 


40,50 
40,60 
40,50 


Customer code 
Customer address 


Customer 


Date of customer order order file 


(Transaction file) 


80,180 Item Code 
80,180 Item Name 
80,180 Quantity ordered 


100, 130,160, Item code 


220, 240 Item name 
UP Unit Price Stock file 
ST Quantity in stock (master file) 
RL Reorder level 


Quantity to be 
reordered 


Customer Bill 


Customer Bill жі 


170, 180, 190 Item Price = 


Unit price* 
Quantity ordered 


70, 190, 210 Total Price — 


sum of all item 
prices 


Table 15.3. Variables used in Program 15.5 and their meanings. 
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Program 15.5 Processing customer order file and printing 
bill 


Step in 
| flowchart BASIC program statements 
س‎ 


10 A = OPENIN “STOFIL” 
20 B = OPENOUT “STONEW” 
30 C = OPENIN “CUSFIL” 


40 INPUT # C, CCODE$, CADDR$, DATE$ 
50 PRINT CCODE$, DATE$ 
PRINT CADDR$ 


2 TPRICE = 0 
3 80 INPUT # C, IC$, IM$, QRD 

4 90 IF EOF # СТНЕМ 210 

5 100 INPUT # A, C$, №, UP, ST, RL, QORD 
6 110 IF EOF # A THEN 260 

ui 120 IF (IC$ = C$) THEN 150 

8 130 PRINT # B, C$, №, UP, ST, RL, QORD 
140 GOTO 100 


9 150 ST = ST-QRD 
10 160 PRINT £ B, C$, N$, UP, ST, RL, QORD 


170 PR = UP'QRD 
12 190 TPRICE = TPRICE + PR 

200 GOTO 80 
210 PRINT "TOTAL =”, TPRICE 
220 INPUT 4 A, C$, №, UP, ST, RL, QORD 
230 IF EOF # A THEN 260 
240 PRINT # B, C$, №, UP, ST, RL, QORD 
GOTO 220 


CLOSE # A 
270 CLOSE # B 
280 CLOSE #C 
END 
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15 
QTY. ORDERED « 
QTY. IN STOCK 


? 


No 
QTY. ISSUED = QTY. IN 
STOCK 
QTY. IN STOCK «0 
WRITE RECORD IN STONEW 


BALANCE QTY. = 
QTY. ORDERED — QTY. 
ISSUED 


WRITE RECORD IN 
CUST. BACK ORD. FILE 101 
WRITE RECORD IN 
REORDER FILE 


CALCULATE PRICE 
AND 
PRINT A LINE OF BILL 


ITEM CODE IN 
CUSFIL AND 


STOFIL EQUAL 
? 


WRITE STOFIL RECORD 
IN STONEW 


QTY. IN STOCK = QTY. IN. 


STOCK - QTY ORDERED 


74 WRITE RECORD IN STONL'W 


75 


76 


15 

QTY. IN STOCK < 

REORDER LEVEL 
? 


77 


11 


Fig. 15.2. Extending customer order processing to include creation of 
back-order and re-order files. 


154 Creating Output Files 


In the last section we assumed that all the items requested in a 
customer's order are in the stock file (STOFIL) in sufficient numbers. In 
this section, we will extend Program 15.5 given in the last section to 
include the case when the quantity requested by the customer is not 
available in the store. We will also include a procedure to check the stock 
balance after issuing an item to a customer and initiate reordering items 
when the quantity in stock goes below the specified reorder level. 
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Such a procedure is shown in the flowchart of Fig. 15.2. This chart is 
to be inserted between Steps 7 and 11 and between 10 and 11 of the 
flowchart of Fig. 15.1 as shown. In Step 7.1 we check if the quantity 
ordered by the customer is available in stock. If the answer is yes, we 
go to Steps 9 and 10. We check in Step 10.1 if the quantity left in stock 
after issuing to customer is below the specified reorder level. If yes 
we go to Step 7.7 in which we write this fact in a reorder file whose 
format was specified in Table 14.2. If the balance in stock is above reorder 
level then we go to Step 11. 


At Step 7.1 if the quantity ordered by the customer is greater than 
that in stock we go to Step 7.2. In this step we set quantity issued equal to 


Program 15.6 Program to create back-order and reorder 
files 


Step in 
flowchart 


BASIC Program statements 


IF (IC$ = C$) THEN 141 
130 PRINT # B, C$, №, UP, ST, RL, QORD 
GOTO 100 


IF(QRD < = ST) THEN 150 


142 ISSUED = ST 
73 143 5Т-0 
74 144 PRINT 4 B, C$, N$, UP, ST, RL, QORD 
75 145 BAL = ORD-ISSUED 
7.6 146 PRINT # D, CCODE$, IC$, IM$, BAL 
77 147 PRINT 4 E, IC$, IM$, ST, QORD 
148 ORD = ISSUED 
149 GOTO 170 
9 150 ST —ST-QRD 
10 160 PRINT 4 B, C$, N$, UP, ST, RL, QORD 
10.1 161 IF (ST <= КІ) THEN 163 


162 GOTO 170 
PRINT # Е, IC$, IM$, ST, QORD 


PR = ОР" QRD 
PRINT IC$, IM$, QRD,UP, PR 
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that in stock. The balance in stock is zero. This fact is entered in STONEW 
at Step 7.4. In Step 7.5 we calculate the balance quantity to be sent to the 
customer and this is entered in the back-order file at Step 7.6. As balance 
of the item in stock is zero we also enter the item details in the reorder file 
at Step 7.7. We now rejoin Step 11 of the flowchart of Fig. 15.1 


This addition to the flowchart of Fig. 15.1 is shown as addition to the 
BASIC program of 15.5. This is given as Program 15.6. In Program 15.6 
we have written the additional BASIC statements corresponding to the 
additional steps in the flowchart. Referring to this program files D and E 
are to be opened at the beginning of the program with the statements: 


32 D=OPENOUT “BAKORD” 
36 E-OPENOUT “REORD” 
and closed at the end of the program. 


SUMMARY 


1. Permanent data frequently required for reference are kept in files 
on magnetic medium such as a floppy disk. 


2. BASIC language provides features to create files, read and process 
them. 


3. Each file in BASIC is identified by a unique single character 
identifier and a file name. 


4. A file should be first opened before it can be used. A file may be 
opened for either writing data in it or for reading data from it. For 
writing data, it is opened using the statement 


« Single character file identifier > = OPENOUT “file name" 
and for reading by the statement 


< Single character file identifier > = OPENIN “Не name" 
For example: A — OPENOUT “STOFIL” 
B = OPENIN “CUSFIL” 
5. Data are written in a file A by the statement: 
PRINT # А, Field names 
6. Data are read from a file B by the statement: 
INPUT # B, Field names 


7. Data are written in a file sequentially one record at a time. 
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8. Data from a file can thus be read only sequentially in the same order 
as it was written. 


9. The end of a file is indicated by the logical variable EOF # < file 
identifier > 


This will be true when the specified file has reached its end. If we 
write: 


IF EOF 4 D THEN 160 


control will go to 160 if the file D has reached its end. 


10. Any specified record belonging to a file may be read, manipulated 
and stored back in the same file or someother file. 


15.1 
152 
153 
154 
155 
15.6 


15.7 


EXERCISES 


What is a file? 
When are files used? 
What is a record? 
What is a field? 
What is a sequential file? 
A number of statements for opening a file for writing on it are 
given below. Pick the correct and incorrect ones. If a statement is 
invalid, explain why? 
(i) А = OPENOUT “АВС” 
(ii) В = OPENIN *XYZ" 
(iii) XYZ = OPENOUT "P" 
(iv) “X” = OPENOUT А 


Given the following data write a BASIC program to store them in 
a file EMPMAS" 


Employee # Basic pay 
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158 Having createdthe file EMPMAS, write a BASIC program to print 
it. 


159 Write a program to select the record with employee number 9438 
and print it. 


15.10 Write a program to find the average basic pay of all employees 
whose information is stored in EMPMAS. 


15.11 Given transaction records shown below: 


Employee # Allowances Deductions 


100.00 
500.00 


create the transaction file EMPTRA" 


15.12 Write a BASIC program to process EMPTRA using EMPMAS to 
print a file with the following records: 


Net Pay 


1600.00 1500.00 | 
3000.00 2500.00 


15.13 Using EMPMAS and EMPTRA, write a program to create a file 
which will have all employees whose gross pay is greater than 
Rs. 2000. 


15.14 Write a program to create an edited file using raw data of 
EMPMAS. The program should write an error message whenever 
EMPMAS data has basic pay < Rs. 200 or > Rs. 5000 and not 
enter that record in EMPMAS master file. 


| 


chap t| r16 


APPLICATIONS OF 
COMPUTERS 


CONCEPTS : 


So far we have studied the parts of a computer, the functioning of the 
units of a computer, and the ways in which we can use a computer for 
solving problems. In this chapter we will look into the applications of 
computers. Computers are being used in almost every field now. By the 
end of this chapter we will have a brief notion of the use of computers in 
the following areas: 

Home Medicine 
Education Banking 
Word Processing Transportation 


Information Retrieval Fine Arts and Humanities 


He diagnosed it but wants to find out what the name of the 
complaint is, Courtesy: R.K. Laxman: Science Today. 


In Fig. 16.1, we illustrate how the use of computers are extending 
into various fields like Home, Education, Word Processing, Information 
Retrieval, Science, Medicine, Banking, Business, Transportation, Fine 
Arts and Humanities. Since we have already studied the use of computers 
in Business (in Chapter 14) we will not deal with Business applications in 
this chapter. Computer projects given at the end of the book will illustrate 
with numerous examples the applications of computers in Science. So 
we will not look into the applications of computers in Science in this 
chapter. 


Fig. 16.1 Computer applications. 


We will now study the applications of computers in the areas 
mentioned above. Home Computers being the simplest form of 
computers, we will see how they can be efficiently used. 


255 
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161 Home Computers 


With the fall in the prices of home computers and availability of 
different models of home computers they are becoming increasingly 
common electronic equipment in many homes. These home computers 
are largely used for entertainment, for playing video games, and to some 
extent for education. It has been claimed by salespersons who sell these 
computers that they can assist in home management. However, 
eventhough it is theoretically possible to use them as home management 
aids, which we will discuss later, in practice these claims have not been 
substantiated. 


1611 Entertainment 


Playing computer games is a very popular activity as we all love such 
entertainment. Unlike in traditional games, where game boards are 
passive, in video games a computer interacts with us. In some video 
games a controller is connected to the television set and we can 
manipulate the images on the screen. In some other games we can 
interact with computers directly by pressing the key on the keyboard. 


A home computer. 


Courtesy: Eiko Computers. 
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When we indicate our moves, the computer will then compute its moves 
and report its moves to us. It also keeps score by recording its own moves 
and our moves. 


Let us see how we can play two games BAT AND BALL and 
ANAGRAM using a computer. 


Bat and ball game 


As the name indicates this is a bat and ball game which we can play 
against a computer. When we start the game a squash court appears on 
the display screen in stages. This is followed by the appearance of a bat 
anda ball. As we press the space bar for each stage of the formation of the 
court, bat and ball. the actual instructions which the computer executes is 
projected on the screen (see Fig. 16.2). Once the bat and ball appear we 
have to start manipulating the movement of the bat in such a way thet the 
ball hits the bat and returns to the wall. This is done by moving the bat left 
and right using Z and X keys on the keyboard. Our skill lies in judging the 
speed and direction of the ball and moving the bat accordingly. The wall 
of the squash court moves downwards as the game advances and hence 
the return of the ball becomes more difficult. The current score and the 
highest score are recorded by the computer. The game comes to an end if 
the bat misses the ball and the ball falls on the ground. 


Anagram 


We are aware that in anagrams letters in a word are jumbled up. We 
have to rearrange the order of the letters to get the right word. We can 
play this game against a computer; or two people can play against each 
other using a computer. 


When we play against a computer, it asks what word length we want 
to choose. The available length of the words depends on the program. 
Once we give a word length, say 5, it presents the jumbled 5-letter word on 
the screen (see Fig. 16.3). Suppose the anagram is HAWCT and we give 
the answer WATCH. As the answer is right the computer will give us one 
point for our correct answer. If we give a wrong answer our score goes 
down by one point. If we are not able to guess the word and 
quit, then the computer gives us the right word and we get a penalty of 
four points. 

When two people play against each other, each player has to give his 


name and then the first player has to type in a word. The second player 
should not see the word which has been typed in. The computer jumbles 
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dies clear graphics area 


Move 0,0 move Graphics cursor to 0, 0 
Draw 0,800 draw a line 0.800 


Draw 1272, 800 draw top line 


x 
Draw 1272,0 draw side 
x 
Move 4,700 move cursor f 
Draw 1268, 700 draw wall Maru TIES c rug 
Move 72, 50 move cursor 
Draw 192,50 агам bat 


Plot 69,80,140 «ғам а point at 80, 140 


Add three more points to make a ball ا‎ 
0 


Score Hi-Score 


Қа 


Fig. 16.2. Display оп the screen for bat and ball game. 
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SCORE 


RIGHT WRONG 


YOUR ANAGRAM IS 
HAWCT 


YOUR GUESS: WATCH 


Fig. 16.3. Anagram game. 
upthe given word and presents it to the second player. If he finds out the 
correct word in the first attempt he gets one point. But if he has difficulty 
then he can ask for a second jumble. In that case there will be an increase 
in the wrong score column. 
After the first player finishes his turn the second player types in a 
word and the game proceeds further. 


This is a very interesting game as it improves our spelling (skill) and 
word power. 

Several games of this type have been programmed and sold 
commercially. Apart from playing these readymade games it is also 
possible for us to generate some interesting games. In fact an innovative 
game programmed by a child in England has been adjudged as one ofthe 
best games and it sold like hot cakes! 

Some other games like chess, checkers, Japanese game of GO fall 
into a different category. It is much more challenging to play these games 
with computers as a large number of moves can be generated. Experts 
have found out that each move in a chess game offers a choice of 
10'? possibilities. 


16.1.2 Education 

Next to entertainment, home computers also serve as aids for 
education. We will discuss this aspect in detail in the next section. 
1613 Home management . 


As mentioned earlier in this chapter tall claims are made by smart 
salespersons who want to promote the sale of their home computers. As 
such it would be worthwhile knowing the various roles a home computer 
can (in theory) play in home management. 
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In an average household, abundant data has to be stored and 
processed. This is generally done with the help of paper and pencil. 
Computers can be used to carry out these chores in two ways. Firstly they 
can be programmed to store large amounts of information and retrieve 
them. Secondly, because of their processing capability, they can be used 
to manipulate the information stored in them. 


For example, we can store a record of our bank accounts, our fixed 
deposit receipt numbers, due dates of interests, dates of maturity, maturity 
value, etc. in a computer. We can also store the addresses of people with 
whom we have correspondence, keep a record of birthdates and other 
relevant information about our friends. 


Because of their capacity to process information, home computers 
can also be used to plan a home budget, calculate income tax returns and 
process other documents relating to housekeeping. For instance, in 
certain months in a year we have special expenditure for children 
attending schools. Some other months we may have to make payments 
for car insurance, registration etc. A computer can take into account all 
these extra expenditure and calculate our monthly budget. 

In addition to budgeting, a home computer can also assist 
housewives in the kitchen. We can store different recipes and recall a 
particular one when we need it. A computer can plan a week's meals 
taking into account the nutritional needs of a family, family tastes and 
availability of ingredients. It can generate a week's shopping list. 


It would be indeed a luxury to have a home computer perform all 
these tasks for us. This would happen only if people have the time and 


patience to program these applications and have the inclination to use the 
machine to its full capacity. 


162 Education 


The boom in the personal computer industry has made a significant 
impact in the field of education. The use of computers in education can be 
broadly classified into two categories: 


(1) Computer assisted instruction (CAI) 
(2) Non-teaching uses of computers. 


16.21. Computer assisted instruction 


Computers аге used not only for teaching computer programming 
but also for teaching a wide variety of subjects ranging from language 
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teaching to advanced science subjects. We will now examine the different 
forms of computer assisted instruction. 


Instructional games : Some concepts are taught to children in 
the form of a game. Let us take an example of a game program 
where we learn to identify some chemical elements by playing this game 
program. The software package will contain: 


(i) Instruction sheet presenting details of how to use the program, 
(ii) a leaflet containing a description of the properties of elements, 
(11) a leaflet having the symbols of elements, 


(iv) a student leaflet giving keywords, details of tests and scores of 
tests. 


Asa partof the package, the teacher will be provided with leaflets for 
conducting the game program and a floppy disk which has the element 
game stored in it. 


In order to start the program the floppy disk is loaded into the 
computer. The appearance of the element will be printed on the screen. 
The aim of the game is to identify an element based on its appearance. 
Using any of the tests given in the leaflet we have to identify the element 
(Fig. 16.4). Starting score is given as, say, 200. The general idea is to score 


Computer displays 


Element : It is a greenish yellow gas 


| SCORE 
200 


queri 


We give Test I — Reaction with aqueous sodium hydroxide 
Computer — “Reacts giving Oxosalt" 

We: — Identify 

Computer: — "which element" 

We: - Cl 


The following format will appear 


| SCORE | The element is chlorine 
етелік 


| 


^ CORRECT 


Fig. 16.4. Chemical element game. 
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maximum points using tests which cost less. Normally discriminating tests 
have high cost. If we give an incorrect test there is a cut in the score. If we 
are unable to identify and give up then we lose the whole score and get a 
zero. Fig. 16.4 illustrates an element game. 


We can use this program along with the practical sessions where we 
deal with and identify real elements. 


Drill and practice 


In this form of instruction a student's knowledge of previously taught 
material is tested by means of quizzes and tests. Diagrams, charts and 
graphics are used in such programs to make the lesson more interesting. 
Let us look at a drill program. 


Example : LCM drill 


Suppose we have been taught in a class how to find the LCM of 
numbers. As a follow up, we can use a floppy disk or a cassette 
tape which has the LCM drill stored in it. As a first step we can go through 
the entire lesson replaying the parts which were not very clear in the class. 
Next we proceed to the practice session. In this part the computer gives 
questions to answer, grades the answers and provides us with right 
answers in case we gave wrong answers. 


Example 
The following line appears on the display screen. 
Computer : What is the LCM of 4 and 6 
We (type) 12 (is the LCM of 4 and 6) 
Computer : Your answer is correct. 
If we type a wrong answer the computer will print: 
Your answer is wrong, attempt 1 
Please try again 
Then we try again. 
If we type a wrong answer a second time it will again print: 
Your answer is wrong, attempt 2 


If only two attempts are:allowed іп the program then the computer will 
print in addition to the previous line— 


12 is the LCM of 4 and 6 
Figure 16.5 represents a drill program. 
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Drill No. Maths Grade------—-- i 


LCM- Least Common Multiple 
12 is the LCM of 4 and 6 


RIGHT 

40 IS THE LCM of 8 and 5 
RIGHT 

60 is the LCM of 15 and 10 
WRONG 

30 is the LCM of 15 and 10 
RIGHT 


12 is the LCM of 2, 3 and 4 
— is the LCM of 4, 6, 8, 9 


Time is up 
72 is the LCM of 4, 6, 8 and 9 


Computer 
Lesson No. -1 
Time —4 


Problems attempted — 20 
Answered correctly — 16 
Percentage -80 


Fig. 16.5. Illustrating computer-aided drill. 


We can see that # a teacher supplements the class work with such 
computer assisted drill, students will have a better grasp of the concepts. 


Tutorial programs 


Another mode of instruction provided through computers is a 
tutorial method. 
Here new lessons are provided to the students. The degree of 


difficulty of the lessons is adjusted according to the level of each student. 
Depending on the scoring of students the level of exercises are set. Since 
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the learning ability ditfers from individual to individual, such tutorial 
programs are essential to manipulate the lessons in such a way that the 
bright students do not get bored and the slow learners do not feel the pace 
to be strenuous. 


Simulation 


Simulation is a very special form of computer-aided instruction. In 
this form make believe models of some systems can be studied using 
computers. In the study of some problems like the administration of 
anaesthesia on patients, working of a part of our inner ear, effect of 
pesticides on crops and human beings, landing of an aircraft in an 
emergency, study of the nature and frequency of accidents and many 
more such problems, it is rather dangerous to experiment with real life 
situations. It would be better to simulate these models using computers 
and use the results in improving actual situations. 


1622 Non-teaching uses of Computers in schools 


Apart from serving as teaching aids, personal computers in schools 
can be used for many other jobs. We can use them for maintaining records 
of attendance and fees, for calculating the school budget. They can also 
assist the Principal and the teachers in designing the curriculum, 
allocating class rooms, scheduling meetings, preparing the minutes of the 
meetings, printing out school reports, etc. 


163 Word Processing 


The word processing facility of a personal computer can be used by 
schools, company executives, writers and many others for preparing 
reports, documents, etc. Let us have a brief look at the way a word 
processor works. 


We can use different modes while preparing a document. 


Modes 


Create mode: 


In a create mode we can create a document by typing it using а 
keyboard and storing it in a disk or a tape. We can correct (edit) the errors 


while entering the document or later on after the whole document is 
ready. 


> А 
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Revise mode: 


In this mode we can alter the documents which are already in store in 
a disk or a tape. After the corrections are done we can store back the 
corrected document.” 


View mode: 


When we want to look at adocument we operate in this mode. In this 
mode we cannot do any corrections. But it is helpful if we want to scan 
through a document, or use it for a discussion. 


Format mode: 


While we type a document on a typewriter we set the left and right 
margins, top and bottom margins,space between lines, page length etc. In 
a word processor the Format mode heips us to set these features and alter 
them when necessary (see Fig. 16.6). 


Page Length 
Тор margin 


Bottom margin 5 
Line spacing 2 
Left margin ы” 12 
Right margin се 5 
а pune’ 
Tabs m 30 40 | so | 


Fig. 16.6. Format mode of a word processor. 


Index mode: 
In this mode we can look at the index of documents stored in a disk. 


Screen Display 


When we enter into any of the three modes- Create, Revise or 
View—the screen will be divided into three areas. The actual document 
will be projected in the central dark area. The top area is called a 
system status area which displays details like name of the document, 
current mode, current position of the cursor in the document, left and right 
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margins, whether printer is on, whether the underline marker is on, and so 
on. The bottom portion known as the command area is reserved for the 
commands which are currently executed. 


Keys 


The basic principle we have to understand while creating and 
revising is that we have to select a word or a line or a paragraph or a page 
and perform operations on them. These are called objects. The operations 
we can perform are (i) justification, (ii) underscoring, (iii) deletion, and 
(iv) printing. 

We can select the objects and perform operations using special keys 
called function keys. When we select an object, say a word, pressing a key 
(FO) it gets illuminated. Then we can press the key for underscoring 
(F6). Immediately an underscore appears below that word. 

Similarly we can press the specific keys for justification, deletion or 
printing. But before we press the key for printing, we have to ensure that 
the printer is ready to take the print out. 

In addition to these four ‘operation’ keys, we have a key called error 
help key. Whenever there is an error we hear a ‘beep’. If we do 
not understand what error we have committed we can press the error 


[аЙ А СИТЕТ ЕН e ы 


Scroll up the document by a line 
Scroll down the document by a line 
Scroll to next screenful 

Scroll to last screenful 

Move to Top of document 

Move to Bottom of document 
Viewing a specified page 

Search for a specified text 

Search and replace a specified text 
Keep a portion of а text as a block 
Move the text which is kept 

Split Paragraph 

Make text bold 

Stop Bold text 

Quit 


Table 16.1. Commands їп a word processor. 
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help key. Immediately an error message will appear in the command 
area. 


The command key (F9) followed by specific alphabets performs 
various actions some of which are listed in Table 16.1 (see page 266). 


In short using a word processor we can produce a report or ә 
technical paper which is error free, neatly justified and can be stored in a 
disk. 


Moreover, we can also retrieve the paper and take out more prints 
whenever we need them. 


164 Information Retrieval 


One of the major applications of computers is in Information 
Retrieval. Information Retrieval is useful in many areas. It is used by 
doctors to refer to information on diseases, medicines, dosages; by 
lawyers to refer to past court decisions and procedures; by researchers to 
get timely information on publications in scholarly journals in their area of 
interest. Іп all these cases, the required information is organized 
appropriately and stored in a computers disk. This consolidated 
information is called a database. The organisation of the database will 
depend on the features on which one requires retrieval. For example, a 
researcher in Molecular Biophysics may require information on peptides; 
a physical scientist may require details on the structure of crystals and 
their electrical properties; a student in literature may want information on 
the papers published on “John Steinbeck—Women in his novels". In such 
cases, the articles published are required to have a set of keywords 
describing the salient points in them. The database must thus include 
these keywords. A person who wants to retrieve information is expected 
to specify the keywords in which he is interested and, accordingly, the 
database is searched using these keywords. Subsequently, a subset of the 
articles in which these keywords appear is retrieved. Many commercial 
databases covering many disciplines are now available, and they are 
stored in computers and searched. 


165 Medicine 


The applications of computers in medicine can be studied under five 
major divisions. These divisions are, however, not clear cut; there are 
bound to be some overlaps. 
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кые 
С ЧАЙЫ НАЙ алатын ы) red 1 

Hospital Patient Laboratory Medical New 
administration care assistance information horizons 
—Employee —Diagnosis —Research —ECG 

record 
—Scheduling —Patient —Storage ест 

of office monitoring and 

uty retrieval — Other specia- 

—Dispensing НОВ, lised techniques 
—Emergency 

information 
— Catering 
—Equipment 
—Inpatient 
—Outpatient 

record 
—Appointments 


16.5.1 Hospital administration 
Employee Record 


The personal records of each hospital employee containing his 
name, date of birth, date of joining, details of employment, marital status, 
pay, etc. can be maintained separately on a magnetic tape. 


Scheduling of duty 


The allocation of duty to doctors, nurses and other staff as per the 
requirement of different wards can be easily done using computers. Once 


such information is available, it will be easy to trace the location of the 
staff when necessary. 


Dispensing of drugs 


Another area where computers can be used is in storage and 
purchase of drugs in hospitals. The dispensary has to maintain an 
inventory of drugs and replace the stock whenever it goes below a certain 
level. Data on fast moving drugs, perishable drugs etc. can be kept and 
used to determine optimal level of stock. 


Emergency information 


Information like the contact telephone numbers and addresses of 
doctors and nurses, availability of ambulance, blood donor register, list of 
available group, poison control System, names of medical shops where 
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special vaccines, like rabies, antisnake venom will be available is vital for a 
hospital and it has to be accessible during emergency. Computers can 
store such information and give it whenever needed. 


Catering 


Computer can also be used in the catering departments of hospitals. 
They are useful in designing menus for patients, working out the cost of 
preparations and thereby allocating the budget for the hospital diet. 


Equipment 


One of the most difficult tasks in managing hospitals is keeping track 
of equipment and maintaining them. A computer can be programmed to 
keep a record. of equipment in use and other remarks regarding the 
equipment. Each item is given a group code, ап item number, description, 
cost, date of purchase, requirement specification and total cost. This 
method of keeping track of equipment using computers is much more 
efficient than manual record keeping. 


Details of patients treated 


Any hospital deals with two broad category of patients—Outpatients 
and Inpatients. In any annual report, the hospital has to include details of 
the number of outpatients and inpatients treated. 


In the case of inpatients every hospital has to keep a note of the 
average number of beds available and the average number of beds 
occupied during the year, percentage of occupancy, the number of 
patients discharged, average duration of stay and so on. These can be 
conveniently processed using computers (see Table 16.2(a) and 16.2(b)). 


IN-PATIENT TREATMENT 


No. 
patients 
Max Min 


Occupancy| Patients | Average 
dis- stay 


Hospital Av. no. Av. no. 
of beds of beds 
available | occupied 


Table 16.2(a). Details of Inpatient treatment. 


270 COMPUTER PRIMER 


OUT-PATIENT DEPARTMENTS 


8 ] 
New Total Departments 
patients patients 


Я Jn 
Table 16.2(b). Details of Outpatient departments. 


In addition to maintaining such yearly record of bed occupancy in 
day-to-day working, the hospital office should be able to have ready 
information regarding the availability of beds, period of availability, 
details of current inpatients. All these can be worked out with the help of 
computers (Table 16.3). 


[т —HOSPITAL МАМЕ- 
WARD-Geriatric Ward Date: 25-6-84 
Total Beds — 8 Time: 10 AM 
ms готове 
$1 Name of Reg. Sex | Age | Doctor | Bed Stay Remarks 
No. the No. No. in 
patient | days | 
TIE Bist 
1: Ammani 4587 F 68 | Dr. PSY.) 2 4 
2 Arumugam | 5498 M 75 | Dr. SR. 4 8 
3 D. Gowda | 5970 M 69 | Dr. VR. i 10 
4 Mary 5149 F 65 | Dr. PSY.| 8 E" 25 
LL io Lx ы. 


Table 16.3. Bed occupancy sample. 


Appointments 


Computers can be used for booking appointments for patients with 
doctors. The display terminal at the reception counter has a display of the 
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available slots. The patients can choose timings suitable to them. Ifa 
patient has to go to more than one doctor, the appointments can be 
organized on the same day thereby avoiding several trips to the hospital. 


165.2 Patient care 


Diagnostic assistance and maintenance of personal files 


Computers can assist the patients and the doctors in the diagnostic 
process and maintenance of personal files. They can display several 
questions and the patient answers them using the keyboard. The answers 
to these several questions are processed by the computers and a history 
of the patient is documented and stored in a patient's personal file. 
Answers to multiple choice questions are marked in boxes and they can 
be analysed by computers (see Table 16.4). This constitutes a diagnostic 


SYMPTOMS Month Week 


Duration 


Nature: 1. Continuous 
2. Seasonal 
3. Intermittent 


Recent 0 Less severe 
state 1 More severe 
Other 


Pain Back Head Shoulder 
Neck 
Severity 0 No 
мы [9g 
2 Severe 
Relief 0 Nil 
1 Massage 
2 Rest 
3 Exercise 
Postural 0 No 
1 Yes 


Any special comment: (i) Throbbing sensation 


(ii) Pain keeps spreading 


Table 16.4. A diagnosis form. 
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procedure because the patient's answers refers to symptoms, 
combinations of which indicate the disease. 


In the simplest case the patient has to press a typewriter keyboard to 
provide a response for the multiple choice questions. In some new 
sophisticated systems a patient is shown a human torso and asked 


“Where does it hurt?". 


The patient can trace the answer on the screen with a light pen. At 
the end of the session the computer presents a consolidated report to the 
doctor. From the physician's point of view a report of this type is of 
immense help as he can examine the answers and come up with an 
objective diagnosis. 


Patient monitoring 


Monitoring of patients is another field where computers are of 
valuable help. In an off-line monitoring system information about any 
patient can be added to the already existing file by doctors or nurses. 


In many cases on-line monitoring is necessary. Patients are 
monitored in the operating room or in a post-operative recovery 
room or in a general ward. In the recovery room, monitoring is vital. A 
computer maintains a continuous recording of blood pressure, pulse rate, 
heart beat, blood chemistry, body temperature, urine output, etc. These 
recordings are processed and displayed on the screen by the side of the 
patient. Whenever any reading shows any abnormality the computer 
issues a warning signal either as flashing light or as a buzzer. Once a 
signal is given the attending physician can render the required 
treatment. 


As for the drug admiristration, since a wide range of drugs is 
available now, the proper use of drugs, variation in dosage, duration of 
treatment, correct method of administering the drugs, precautions to be 
taken in prescribing the drugs and such crucial issues have to be taken 
care of. Sometimes combination of some drugs can be very harmful and 
doctors should refrain from prescribing such combinations. All such 
information can be stored in the form of a data-base and made use of with 
the help of computers. 


1653 Laboratory assistance 


In hospital laboratories where tests are performed manually, the 
procedures take a long time. Sometimes the results are also not very 
accurate. Eventhough in some areas manual testing cannot be avoided in 
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certain areas of clinical pathology, automation and computerization are 
largely used now. In the fields of biochemistry, Haematology, 
Bacteriology, Serology, Blood banks and Urianalysis, a large percentage of 
analyses are being performed under automatic control using 
computers. 


In the examination of X-ray images also computers are very helpful. 
The image produced can be placed in an electronic scanner which 
enhances the required area of examination and records the readings on 
magnetic tapes. The computer program analyses the important features 
in the area under study and compares the results with a set format 
developed by specialists. The findings are then printed. 


1654 Medical information systems 


Research 


Computers have been installed in several medical research centres. 
Latest research projects like the study of abnormalities in chromosomes, 
design of artificial valves for human hearts, cancer research, detection of 
abnormalities in the human brain rely heavily on computers. 


Storage and retrieval of information 


As there are thousands of publications in the field of medicine all 
over the world, collecting information contained in these journals and 
books is very difficult. At the same time it is very essential. So now a data- 
base (section 16.4) is created and the required information is retrieved by 
doctors when they require it. 


Simulation 


Several research centres have developed make-believe models 
which are helpful in simulating the pulmonary system, heart, brain, eye 
etc. The lung model, for example, is simulated using data from the 
condition of patients who suffer from some pulmonary disorders. 
Mathematical equations are framed to describe the lung functions. Sucha 
study is helpful in studying the health condition of people working in 
mines, factories and patients having tubercular infection. 


Several other simulated models are being fabricated and studied in 
many research centres. 
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1655 New horizons 
New advances are being made rapidly in the field of medicine. 


Computerised electrocardiograms(ECG) is such a new system which 
helps us to get information about the way our heart functions. 


Computerised Axial Tomography (CAT) facilitates the display of 
several organs. In CAT the pictures are taken by rotating ап X-ray 
emitter round a patient wherein 360° cross section display of the organs is 
possible. A computer is used to reconstruct the colour picture of the 
organs to be studied (see Fig. 16.7 illustrates a CAT scanner). 


Fig. 16.7. A CAT scanner. The patient lies on a table while a 

source and its detector rotate together (indicated by the arrows), 

taking X-rays of the patient from all angles. Each rotation 

produces a slice of the target, and the patient is moved (in *he 

direction of the arrows) as the process is repeated to produce a 
complete image. 


Ultrasonic imaging technique and digital blood flow analysis are two 
new techniques where computers are used. In the ultrasonic imaging 
method, we use high frequency sound waves to detect and measure the 
constrictions and blockages in arteries which result in strokes. Such 
checks may be used to prevent strokes. Cerebral blood flow analysis help 
us to investigate the various functions of our brain. The digital images of 
the brain are displayed in different colours. 


In short, the uses of computers in medicine are increasing every day. 


y __ | 
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166 Banking 


Since the volume of daily transaction in banks has been on the 
increase, the use of computers has become essential in banking. Let us 
look at some of the applications of computers in banks. 


Automatic processing of cheques 


When we tender a cheque for drawing cash at our bank, the clerk 
verifies the signature on the cheque and checks our balance. If the balance 
is more than the money we have asked for, the bank gives the money. If 
the balance is less, then the cheque is returned to us. Nowadays in banks 
the processes of verifying, checking etc. are done by using computers. The 
cheques are imprinted with the Magnetic Ink character recognition 
(MICR) code (see Fig. 16.8). The essential information like the cheque 


злам ees 


—— ———À 
Check АВА Account Check Amount of check 
routing transit number number 
number number 


Fig. 16.8. MICR encoded cheque. 


routing number, Transit number, Account number, amount, etc., are in a 
machine readable form. These cheques are processed by asorter reader, 
an electromechanical machine. The information which is read is passed 
on to bank's computer for processing. The accounts are also stored in a 
machine readable form and they can be accessed very fast. So the 
checking process can be done very fast. 


Periodically the statement of account is also printed using a line 
printer and mailed to customers. 
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167 Transportation 


In every mode of transport there has been a rapid increase in the 
volume of traffic. Passenger, freight and mail transportation by air has 
increased enormously. The same is the case with the railways. Vehicular 
traffic in cities is getting more congested due to increase in types and 
number of vehicles. Therefore, the use of computer has become inevitable 
in assisting and regulating air, railways, ship and surface transportation. 
Let us now look at some applications of computers in transportation. 


167.11 Airlines 


Airlines reservations 


When we go to buy an airline ticket, quite often the process of 
purchasing the ticket takes more time than the actual flying! In addition, 
even after we are assured of a confirmed seat, we may find that the flight 
has been over-booked and there is no seat available! 


Now Airline seat reservation system is getting computerised. The 
booking of flights is an on-line application (Chapter 14). When computers 
are used for booking we can get reliable information about the availability 
of seats upto the time of departure of any plane. Moreover a clerk at the 
air terminal can keep for every flight a whole set of information—number 
of seats available, number of seats occupied, list of passengers, personal 
details including diet requirements, departure time of the flight, name of 
the crew etc. If a passenger is not able to get a confirmed reservation in 
any particular flight he is put on a waiting list. When anybody else cancels 
a ticket, he can be informed through his agent directly as any cancelled 
seat is returned to the inventory for resale. 


Suppose Mr. S. Sankar wants to travel from Bangalore to San 
Francisco and he furnishes the following details of his itenerary 
to the clerk at the office of an international travel agent: 


“Г want a ticket by economy class from Bangalore to San Francisco, 
breaking journey at Delhi, Hong Kong, Tokyo, and Honolulu. I want to be 
in these places from... (date) to....(date). From San Francisco I want to 
rent a car to go to Los Angeles оп... (date) and return to San Francisco 
on... (date). I want vegetarian diet on all flights.” 


Once Mr. S. Sankar gives these requirements, the clerk at the office 
feeds the information into his console which sends and receives 
information from the reservation database of all concerned airlines. 
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The subsequent printed output will be similar to the details given in 
Table 16.5. 

So we can see that with the use of computers the tedious and time- 
consuming work of the clerk becomes easy and more accurate. 


Mr. S. Sankar Address... Tel. No... 


OK BANGALORE 7/29 Y IC 404 Dep: 18.30 
OK DELHI 7/30 Y м 308 Dep: 20.55 
OK HONG KONG 7/31 Y NW 018 Dep: 10.05 
OK TOKYO 8/2 Y NW 010 Dep: 21.00 
OK HONOLULU 8/4 Y NW 101 Dep: 18.05 


OK VEG DIET REQUEST 

FARE $1898 ТАХ $3 T FARE $1901 
RENT CAR SAN FRANCISCO 1.05 ANGELES HERTZ 
HANDLED BY AGENT: DR 


Table 16.5. Airline ticket of Mr. S. Sankar. 


Control operations 


When a pilot flies his aircraft he has to perform various control 
operations. These can be done with the help of computers. For instance, 
he can control the speed and altitude, position his aircraft at a particular 
altitude, within a particular range and also use autolanding facility to land. 


Air traffic control 


Computers are now-a-days used to control air traffic by monitoring 
the take offs, and landings and by positioning the aircraft so that there is 
no overcrowding in any area. Planes in flight are also controlled so that 
there is no possibility of collision in the air. With the help of a computer- 
controlled radar system, air traffic controllers are able to keep in 
constant touch with planes in flight. The position of the aircraft is 
displayed on the CRT terminal in the control room. 


1672 Controlling road traffic 


During peak hours the vehicular traffic on roads in any busy city is 
chaotic. The traffic signals which control the traffic currently operate on 
what are called open-loop system. The signal settings are operated on a 


278 COMPUTER PRIMER 


time-bound basis. As there is no feedback, sometimes in some areas, 
vehicles accumulate and jam up the traffic. 


Now with the help of computers some cities have developed a 
closed-loop traffic control system. In this system, the signals in an entire 
area are linked together in a network. Traffic patterns are sensed on a 
continuous basis. The sensors are embedded in the streets. As each 
vehicle passes the signals are sent to the control centre. The centre 
analyses the data and immediately calculates what changes have to be 
made in these areas which are getting jammed up and acts accordingly to 
regulate the traffic. Such real-time control of traffic is found to be very 
effective in some cities. 


168 Fine Arts and Humanities 


Computers are being used creatively in Fine Arts and Humanities. In 
fine arts, such as drawing, music and sculpture, computers have been 
playing a significant role for sometime now. 


168.1 Art 


Computer animation 


Computers are ideal for making animated cartoons. In order to make 
animated cartoons manually, the artist paints each frame on a plastic 
sheet. A large number of frames are required to create a one minute 


animation. Painting frames in such large numbers is extremely time 
consuming. 


For such repetitive drawings computers can be very useful. The 
shapes in the drawings are coded and stored in a disk or a magnetic tape. 
When the diskettes are loaded they reproduce the animated pictures 
controlled by signals from the computer. If a picture on the screen has to 
be filmed an automated camera in used. 


Computer generated art 


Engineers, scientists, businessmen, architects, doctors and artists 
have been using the technique of drawing pictures with the aid of 
computers. Computers can help in different ways to generate drawings: 


(i) Digital plotters (Chapter 4) which are computer controlled can 
draw on paper with ink pens. This ink pen can move horizontally 


> vertically. 
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Fig. 16.9. A drawing generated on a computer's printe. 
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(ii) Other printing devices like line printers, teletypewriters can also 
produce drawings of various types (see Fig. 16.9). 


(iii) The third type of device used for drawing is the cathode ray tube 
display. By interactively communicating with the cathode ray tube 
display, an artist can alter any picture on the screen using a light pen. 


16.8.2 Music 


Computers have entered the world of music also. They can help a 
creative composer in two main ways. One way is in the production of a 


composition. Second is in the generation of actual sounds of instruments 
or human voices. 


The actual production of sounds which have the same tonal quality 
of the sounds generated by musical instruments such as cello, violin, 
trumpet or human voices is a more difficult experiment. Many musicians 
are conducting experiments to synthesize such sounds using computers. 


16.8.3 Literature 


Translation 


Computers are advancing into the realm of language translation. 
Computer-aided translation has been done from Russian to English. In the 
initial stages of translation word-for-word substitution was done. But such 
a procedure was worthless as mere substitutions did not convey the 
meanings contained in the sentences. When we translate any material 
from one language to another, we take into account the words, phrases, 
clauses, stems and endings and, in addition, consider the general mean- 
ing. Consequently, for machines to translate they have to “recognize” all 
these features which make machine translation a complex process. 


Some work has been done using machines to translate from Tamil to 
Hindi. Here again same problems are encountered. 


No doubt, automatic machine translation is needed to handle the 
large volume of material that are being published in various languages so 
that many people can benefit. Hence, research on computer-aided 
language translation is being done in many centres. 


Literary analysis 


In order to identify the authorship ot a literary work, researchers 
have been studying the stylistic peculiarities of authors. Some of the 
features which help in establishing the authorship of a given text are: 
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1. Frequency of occurrence of certain words or phrases. 
2. Average length of sentences. 

3. Grammatical constructions. 

4. Use of imagery. 


In addition to establishing the authorship of a particular text, 
computers can also be used as tools for determining the period in an 
author's literary career when a particular work was written. 


Concordances 


In Literary research an alphabetised listing of important terms and 
concepts alongwith page references indicating where to locate these 
terms and concepts in any particular work of a writer or in a collection of 
writings is prepared. This data-base can be stored and retrieved using 
computers. Optical scanning methods are used to input the material. 
Special computer programs are designed to retrieve the keywords. 


168.4 Social sciences 


Computers are becoming important tools in the research work of 
economists, psychologists, historians, geographers and sociologists. 


In economics, for instance, marketing trends, marketing techniques, 
stocks and shares, advertising policies, effect of automation, population 
growth, family planning and several related topics are studied with the 
help of computers. 


Suppose a sociologist is analysing a particular type of crime 
frequently committed, he would want to know the distribution of the crime 
geographically, the sex and age group of the criminals and their victims, 
the strata of society involved, the psychological types and so on. On the 
basis of the statistical data he draws various conclusions. Since in such 
surveys, enormous data has to be recorded and analysed, the use of 
computers is very helpful. If we go further in this analysis, it is possible 
to store the finger-prints of the criminals using the image processing 
techniques available now. 


Computers are now-a-days extensively used for predicting election 
results. А number of prospective voters in a typical constituency are 
interviewed. The results of the interviews are tabulated and fed to a 
computer. The computer program is used to extrapolate from these 
samples the trends in the voting pattern. When actual voting takes place, 
the early results aré again tabulated and fed to the same computer 
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program which in most cases accurately predicts the ultimate outcome 
of the election. 


He must have heard that computer makes the selections. 
Courtesy : В.К. Laxman: Times of India. 


SUMMARY 


In this Chapter we dealt with the applications of computers in 
Home, Education, Word Processing, Information Retrieval, 
Medicine, Banking, Transportation and Fine Arts and Humanities. 


Home computers are largely used for playing games, to some 
extent for education. It is claimed that home computers can be used 
to assist us in home management in many ways, but this is not a 
popular application. 


Computers can aid in education in two ways: (1) they can assist 
teachers in teaching various subjects, (ii) they can help in the day-to- 
day routine tasks performed in educational institutions. 


Instructional games, drill and practice tutorial programs, and 


simulation, are the different forms of computer assisted instruction 
which are found effective 


10. 


И: 
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Word processing facility is useful for preparing reports, documents, 
etc. Several modes are available to create and edit documents. 
Using the special function keys we can produce a neat report. 
Several prints of these reports can also be produced using the word 
processor. 


Information may be stored in an organised form and retrieved 
effectively using computers. The database stored can be accessed 
by people in the different parts of the world in a short time. 


In the area of medicine, computers can be used to help in the 
Hospital Administration, Patient Care, Laboratory Testing, 
Dispensing Medicines, Medical Information Systems and as an aid 
in latest Research and Development. 


Due to voluminous transactions that are performed in banks. 
automation using computers has become essential. Automatic 
processing of cheques, computerised credit accounting and inter- 
branch reconciliation of accounts are some of the appiications in 
banks. 


In the field of transportation, computers are used for assisting and 
regulating transportation by air, rail, ship and road. In the airlines, 
reservation, aircraft control operations, air traffic control are done 
using computers. In road traffic computers help in monitoring 
and diverting traffic in such a way that there is no congestion of 
traffic in any area. 


In the realm of Fine Arts and Humanities also computers are of 
help. Computers are ideal for assisting in the production of 
animated cartoons and generating drawings. In music, computers 
are used to create some compositions and to synthesize some 
sounds produced by actual musical instruments. 


In Literature, computers are used for language translation, 
assessing the authorship of a given text, preparing literary 
concordances for references. 

Computers are helpful in the research work conducted in the field of 
economics, psychology, history, geography, and sociology. 


EXERCISES 


16.1 What are the different fields in which computers can be used? 


162 What are the various uses of home computers? 
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Can you think of two games which you can play (i) with a 
computer, (ii) with your friend using a computer. Write a step-by- 
step procedure in English explaining how to play the game. 


Give 5 jumbled words of (i) 4 letters, (ii) 6 letters, (iii) 12 letters 
length. Also give their correct spellings. 


Do you think home computers will become as popular as 
Televisions in India? If so, why? If not, why not? 


What are the different forms of computer assisted instructions? 
Write a model lesson for calculating the GCD of some numbers. 


Give three examples where computers can be used to simulate 
make believe models in teaching. 


Give a list of 5 activities in which your headmaster can use 
computers. 


What are the different modes available in a word processor? 


What is a View mode in a word processor? What are its 
advantages? Can you edit or create in a View mode? 


What features can be controlled using a Format mode in a word 
processor? 


What are the three areas displayed оп a screen in a word 
processor? 


What are the ‘objects’ which are selected using the function keys 
on the keyboard in a word processor? 


What operations are performed on the objects specified by you in 
Exercise 16.14.? 


What does the ERROR-HELP key do in a word processor? 


Name some of the commands which can be carried out using the 
command key and an alphabet in a word processor. 


What is a data-base? 
How is information retrieved from a data-base? 


What are the major ways in which computer can be used in the 
field of medicine? 


How can a hospital administration use computers? 


How does the use of computers help in efficiently organising a 
medical store? 


It is said that computers can assist in medical diagnoses. Explain 
how? 
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How does a computer monitor a patient? 


Which areas in clinical pathology are benefited by the use of 
computers? 


How do computers aid in research work in the field of medicine? 


What are the advanced medical research areas in which 
computers are being used now? 


In what ways are computers useful in banking? 

How are cheques processed by computers? 

Flight bookings are now done with the help of computers. Explain 
how this system is more efficient than manual booking. 

What control operations are performed by computers when the 
aircraft is in the air? 

What traffic control operations can the ground staff do using 
computers? 

How are computers helpful in diverting road traffic in such a way 
that there is no congestion at one particular spot at a given time? 
Explain how computers can help in the field of art? 

How can computers assist musicians? 

Eventhough some attempts are made in translating material from 
one language to another, there are sorne difficulties involved in 
the process. Explain the difficulties. 

How can computers help in literary analysis? 

Explain with an example how computers can help in analysing a 
problem in sociology? 


In what other fields not mentioned in this Chapter can computer 
be used to perform tasks with more accuracy and speed than 
human beings? 


ESIR кич KI? o 
РТ мї 


nettes айра ou 
дерева x yesoow Sri? 


chapteri7. 


EVOLUTION OF COMPUTERS 


CONCEPTS: 


In this Chapter we will look briefly at the important milestones in the 
history and evolution of computing machines from their early forms to the 
modern high speed electronic computers. By the end of this chapter we 
will have studied the following: 3 


1. Calculating devices 
a—Manual 
The Abacus 
John Napier’s bones 
b—Mechanical 
Blaise Pascal’s calculating machines 
Leibnitz's arithmetical computer 
c—Automatic 
Jacquard's loom 
Babbage's engines 


2. Calculators 
3. Evolution of electronic computers 
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So far we studied about the parts of computers, their mode of 
working and their applications. Now we will see how they evolved. 


171 Calculating Devices 


Primitive man used only his fingers in counting. But as counting with 
fingers was limited, he switched over to pebbles and sea shells. These 
pebbles became "Portable adding machines" once they were strung on a 
piece of hide or reed. About 5000 years ago, man made a big leap when 
he devised the “abacus”. 


Abacus 


Abacus, referred to as a counter, in its earlier form was simply a clay 
board with a number of grooves in which pebbles could be placed. The 
pebbles could be moved from side to side for counting. The materials used 
for abacus have changed over the years, but the basic principle has 
remained the same. The modern abacus has several rows of beads strung 
on rigid wires fixed in a rectangular frame. The number of beads on the 
wires is determined by the specific mathematical base used in counting. 
The majority of these abacuses use the decimal system. Each row has 
certain number of beads with a runnner which separates one or two beads 
from the others (Fig. 17.1). Even today abacus is used in many parts of 
the world. 


Written manuals 


In spite of the availability of mechanical counters, man needed to 
represent calculations in some form. As a result, the numbering systems 
evolved starting with scratches on the walls made by primitive man. Later 
Roman numerals and Arabic numerals were conceived. The Arabic 
numerals 1, 2, 3, 4, 5, 6, 7, 8, 9, and the most important digit O (Zero) 
became the best suited numbers for calculations because of their 
simplicity. 5 

Once such a number system was established, aids for calculation 
such as books on arithmetic, multiplication tables etc. were written. 
Among these aids a table of logarithms written by John Napier, and 
published in 1614 was very helpful in simplifying multiplication of large 
numbers. Napier also invented a primitive form of slide rule known as 
Napier's bones. It was called so because the slide rule was made up of 
strips of bones on which numbers were painted. By combining these 
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(b) Napier's Bones 


(c) Gunter's Slide Rule 


(h) First Calculator — MONROE 


(e) Leibnitz Calculator 


Fig. 17.1. Early computer tools. 
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Û) Jaquard's Loom 


(k) Hollerith's First Punch — Card 


Accounting Machine 


Fig. 17.1. Early computer tools. 
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bones direct multiplication could be performed. Napier's slide rule 
became a forerunner of a class of analog computers. 


Napier's slide rule was modified by Gunter. He used two logarithmic 
scales on two strips of wood and made a device which was somewhat like 
the modern slide rule. 


Mechanical calculators 


The manual methods of recording and processing data were very 
tedious especially when large-scale calculations had to be performed. 
Consequently, many individuals started developing machines which 
would make long calculations easy and accurate. 


Blaise Pascal developed the model of a fast calculating machine in 
1642. As Pascal was tired of doing long calculations involved in his 
father's tax office work, he invented a machine that could add long 
columns of figures. His machine consisted mainly of a row of toothed 
wheels. These teeth were numbered from 0 to 9. The machine could add 
eight columns of numbers. Even though Pascal's machine was a simple 
device, it set a milestone in the development of computers as it illustrated 
two important principles: (i) carry over could be made automatic, and (ii) 
multiplication of numbers could be performed by repeated additions. 


In 1673 Gottfried Wilhelm von Leibnitz improved upon Pascal's 
calculating machine by making arithmetical computers that could add, 
subtract, multiply and divide. He was fascinated by numbers 1 and 0; та 
way he foresaw the importance of utilising the binary system in 
calculating machines. 


After Leibnitz's work, the only noteworthy effort in this direction was 
that of Charles Xavier Thomas, who developed a calculator in 1820. It 
could perform all four arithmetic functions. This calculator was a 
forerunner of the present c 3y calculators. 


172 Jacquard's Loom-Beginning of the Punched Card Era 


At the beginning of the nineteenth century, Joseph M. Jacquard 
came up with an ingenious idea which automated a weaving loom. In 
weaving, the chief problem weavers faced was the control of a number of 
shuttles for creating designs. The whole operation was cumbersome and 
expensive. Jacquard deviced a clever method. He took a card and 
punched holes in it wherever the shuttle had to go through. He punched 
different sets of holes on different cards which resulted in producing 
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different patterns. This idea was patented in 1801 and several looms 
adopted this technique for weaving intricate designs with accuracy 
at a reasonable price. 


It is said that Jacquard weaved his portrait in silk using 20,000 cards. 
This portrait later fell into the hands of a man (Hollerith) who modified the 
coding on the cards, which marked the beginning of a punched card era. 


173 Charles Babbage—His Engines 


In the early part of the nineteenth century another interesting 
development also took place. In 1812, Charles Babbage, a scientist and 
mathematician conceived of a calculating machine which he called a 
difference engine since it was based on the difference tables of the squares 
of numbers. Babbage wanted to calculate and tabulate polynomial 
functions using the method of differences. It was to have hundreds of 
gears, shafts and counters. In spite of the serious and continuous 
effort, Babbage and his mechanics had put in, the difference engine was 
never completed. 


But Babbage did not give up. He always thought big. He wanted to 
design a bigger machine, which he called an Analytical Engine. This idea 
of Babbage was a significant step in the history of computers. For this was 
the beginning of a series of experiments which resulted in different types 
of computers which we see today. 


Let us see what kind of machines Babbage had in mind. The 
calculating machines which existed during Babbage's time could perform 
all the four arithmetic operations and find square roots and percentages. 
In addition to these features, Babbage wanted his machine to control 
itself, that is, to have the capacity to make decisions, skip some steps in a 
calculation and go back to a particular step. He wanted the machine to 
perform operations repeatedly and stop the operations only when 
the problem specified had been solved fully. 


Besides these, Babbage intended to have in his machine a 
mechanism to store numbers from where it could draw the required 
number using its judgment. According to Babbage, his machine would be 
able to store a thousand 50-digit numbers. 


In addition to these facilities, Babbage wanted his machine to have a 
mechanism to input data and output results. For input he planned to have 
two sets of punched cards—one set for data and the other set for entering 
the sequence of operations to be carried out. The output, according to 
Babbage, would be printed on special copper plates. 


N 


294 COMPUTER PRIMER 


Looking back, Babbage's analytical engine can be seen to be very 
similar to the modern day computer in terms of its structure. It had four 
basic units: 


(i) а memory or 'store' which stored data and intermediate results; 


(ii) an arithmetic unit which he called ‘a mill’ where calculations 
were performed; 


(iii) a mechanism consisting of gears and shafts by which data and 
results were transferred between the store and the mill which 
was almost the control unit, and 


(iv) input and output devices. 


But, unfortunately, the magnificent dream of Babbage did not 
become a reality until his death in 1871. There were two main 
reasons for this failure. Firstly, technology of that period was not advanced 
enough to make gears, shafts and other mechanical devices which were to 
form the parts of the proposed engine. Secondly, there was no demand for 
such a machine as people did not know its applications. Essentially, 
Babbage's 'thinking' was much ahead of his time. 


But the seeds he had sown for the growth of Computer Technology 
began to yield results a few decades later. 


174 Calculators 


The next important step in the arowth of computer technology was 
the designing of a calculator by Frank Baldwin in 1872. This year marked 
the beginning of the calculator industry in U.S.A. 


In 1887, Dorr Eugene Felt constructed a key-driven adding machine 
which he called Marconi Box, now known as comptometer. Around the 
same time, William Burroughs made an adding-printing machine which 
assisted him in book-keeping activities. It came into the market in 1891. 


Next came the manufacture of a rotary keyboard calculator. It was 
made by Jay. R. Monroe in 1911. This keyboard calculator was 
commercially very successful. 


Although processing and storing information using mechanical 
devices were better than manual recording, they also had their limitations. 
They were not automatic. Human assistance was necessary for feeding 
data and operating the machines. 


So there was a desire to make machines which would be automatic 
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and fast. Electrically activated machines came into existence with 
advances in technology. 


Interestingly, side by side, punched card equipment for processing 
data also became available. 


175 Punched Card Machines 


We mentioned earlier that Joseph Jacquard and Charles Babbage 
had used punched cards and operated them by mechanical devices. 
The first card machine which was electrically activated was used by Dr. 
Herman Hollerith to compute the statistics of the 1890 United States 
census. Dr. James Powers improved upon Hollerith's idea and developed 
simultaneous punching machines. In these machines all the data to be 
processed are keyed т a card. When а certain key is depressed all the data 
are simultaneously punched. 


Till 1960s, the punch card system or unit-record equipment was the 
chief mode of processing data. The unit-record equipment consisted of a 
series of machines which together performed calculations. 


176 Electronic Computers 


In 1944, Howard Aiken of Harvard University developed an electro- 
mechanical computer called Mark I. He wired the different parts of a unit- 
record system together and controlled them by a roll of a punched paper 
tape. It was fully electronic. The registers he used for storage were 
operated mechanically. 


The First Generation Computers 1947-1958 


The first electronic computer was completed in 1946 by a team led 
by J. Prosper Eckert and John Mauchly. This computer was called 
Electronic Numerical Integrator and Calculator in short ENIAC. It used 
high-speed vacuum tube switching devices. It had a memory to store data 
and results and was designed mainly to calculate the trajectory of missiles. 
ENIAC was a very fest machine compared to the earlier electro- 
mechanical machines. It could add two numbers in 200 microseconds and 
multiply two numbers in 2800 microseconds. It used 19,000 vacuum 
tubes and occupied an area of 150 sq. mts. 

A very distinct improvement in the development of computers was 
achieved by John von Neumann in 1945. His idea was to store 
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instructions along with data in the computer. He was thus the originator of 
a stored program computer. 


The first computer based on this principle was designed by Professor 
Maurice Wilkes. This was called EDSAC (Electronic Delay Storage 
Automatic Calculator). It was completed in 1949. 


In the early 1950s commercial production of stored-program- 
electronic computers began in a big way. UNIVAC division of Remington 
Rand Company manufactured one of the early computers of this type and 
called it UNIVAC I. This computer also used vacuum tubes. Since a large 
number of vacuum tubes were used in this machine, the power 
consumption was high. Moreover since tubes used filaments as a source 
of electrons, they had a short life. So there were very many failures of 
these tubes resulting in the disruption of the working of the computer. 


The Second Generation Computers 1959-1965 


A big revolution in electronics was brought about with the invention 
of transistors by Bardeen, Brattain and Shockley in 1946. These 
transistors were made of germanium semi-conductor material. Since 
these transistors did not have any filament to burn they were highly 


Space and used less power for operation. 


Another achievement during this period was the invention of 
magnetic cores for storage. Magnetic cores are tiny rings made of ferrite 
and magnetised either clockwise or anti-clockwise. The two directions 
represent a “0” or a “1”. These magnetic cores were used to construct 
large random access memories (Chapter 10). Magnetic disks for storage 
were also developed during this period. 


In short the computers of this generation which emerged around 
1960 using transistors had faster input/output units, better storage 
capacity and greater programming abilities than their predecessors. 

High level languages like FORTRAN, COBOL, ALGOL and 


SNOBOL were developed during this time in response to the capabilities 
and requirements of these fast machines. 


Computers began to be used on a large scale for commercial 
applications around this time. More than 8096 of computers were 
meant for business and industry. 


The Third Generation Computers 1965-1976 


; Computers that developed in the decade beginning 1965 are the 
third generation computers. The chief improvement was the replacement 
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of germanium transistors by silicon transistors. A single chip of silicon had 
on it integrated circuits consisting of transistors, resistors and capacitors. 
This single chip eliminated the need for wired interconnections between 
components. From small scale integrated circuits which had only about 
10 transistors, technology developed to medium scale integrated circuits 
with 100 transistors per chip. Consequently, the switching speed of the 
circuits went up, reliability increased, power dissipation decreased and 
the machine became much smaller. The effect of these was the 
emergence of extremely powerful CPUs with the capacity of carrying out 
one million instructions per second. 


There were distinct improvements in the design of magnetic core 
memories. The capacity of main memories reached about 4 megabytes. 
The technology of preparing magnetic disks improved considerably. 
Different types of input/output devices appeared on the scene. Optical 
scanners, magnetic ink character readers and graph plotters were some of 
the new devices. 


Asa result of the large memory capacity, disk memory and powerful 
CPU, many users were able to use one computer simultaneously. 
Computers found applications in many areas like product manufacture, 
analysis of product quality, management control, customer service, 
Airline reservation etc. As a result of the increased variety of applications, 
high level languages improved. Fortran IV and optimizing Fortran 
compilers were developed. COBOL 68 was standardised. PL/I of IBM 
emerged and it was found to be quite powerful. 


The Fourth Generation Computers (1976-Present) 


The fourth generation computers use micro-processor chips. Very 
large scale integrated circuits packing about 10000 transistors on a single 
chip have come into existence. A large number of microprocessors are 
being manufactured now. Personal computers and home computers are 
on the increase. The cost of computers has come down considerably. So 
people are able to buy computers for offices, schools and even homes. 

Disk memory has become very large in size (100 Megabytes/drive). 
Secondary storage devices like floppy disks and tapes provide low cost 
and high capacity peripheral memory. Networks of computers have been 
developed. 

Interactive graphic devices form a major new feature of modern 
computers. This capability is of immense help in engineering design, 


medicine and many other fields. 


298 COMPUTER PRIMER 


Programming languages also have become more powerful. Many 
new languages have emerged. One such powerful language is ADA. it 
has been named ADA in honour of Lady Ada Augusta Lovelace who had 
written the first computer program for the *Analytical Engine" designed 
by Charles Babbage. 


The Fifth Generation Computers 


We are now marching into the era of fifth generation computers. It is 
estimated that by 1990 we may see computers of this generation. 
Eventhough at this stage, it is difficult to explain in detail the 
characteristics of these computers, it can be expected that these machines 
will use a large number of distributed processors. They are expected to 
simplify programming. It is also expected that computers would be 
programmed to provide “expert advice" in various fields. 


SUMMARY 


l. The first aid man used for calculations was his fingers. Then he 
devised the calculating device, abacus. 


2. The number systems evolved next. Napier’s table of logarithms. 
and his primitive slide rule called Napier’s bones were invented. 


3. Mechanical calculating machines followed. Pascal’s decimal 
calculator and Leibnitz’s arithmetical computer were significant 
steps in this direction. 


4. The automation of loom using punched cards was done by 
Jacquard which marked the beginning of punched card era. 


5. In the early nineteenth century, Charles Babbage came up with the 
designs for a difference engine and an analytical engine which were 
mechanical computers. The structure of the modern computer was 
anticipated by Babbage. 


6. Calculators started coming into use when Frank Baldwin designed 
one in 1872. It was followed by Dorr Eugene’s key driven 
machine and Monroe’s keyboard calculator. 


7. Тһе next step in the evolution of the computer industry was the 
manufacture of Punch Card machines. Herman Hollerith and 


James Powers significantly contributed to the design of these 
machines. 


13. 


14. 


15. 


EVOLUTION OF COMPUTERS 299 


The first electromechanical computer, Harvard Mark 1, was 
designed by Howard Aiken. 


Electronic Computers had four steps of growth. The first generation 
(1947-1958) used vacuum tubes. They were faster than mechanical 
calculators. ENIAC was the first electronic computer. 


John von Neumann proposed the Stored Program Computer. 


Based on von Neumann's concept EDSAC and UNIVAC were 
developed. 


The second generation computers (1959-1964) used transistors. 
They were faster than earlier machines, occupied less space 
and were very reliable. High level languages started growing during 
this period. 

The third generation computers (1965-75) used silicon transistors 
and integrated circuits. Micro-miniaturisation began and computer 
cost came down. Programming languages improved. Time-shared 
computers emerged which allowed many users to simultaneously 
use a computer. 

The fourth generation started evolving in 1976 and we are now in 
this generation. Very large scale integrated circuits are used in these 
computers. Micro-computers have started thriving. Home and 
Personal computers are used in abundance. Disk memory became 
very large. Floppy disks came into existence. More powerful 
languages were developed. 

The fifth generation is what is expected to emerge in early 1990s. 
These computers will have more logical capabilities and will 
simplify programming. 


EXERCISES 


171 What was the first mechanical device man used for assisting him 


in his calculations? 


172 What were the two numbering systems conceived by man? 


Which one of them was found more suitable and why? 


17.3 Why was "Napier's bones" called so? 
174 What made Blaise Pascal design a calculating machine? 
175 What were the two important principles illustrated by Pascal's 


machine? 
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What was the important concept Gottfried Wilhelm von Leibnitz 
foresaw? 


How did Jacquard automate his loom? 
Why did Babbage call his machine a difference engine? 


How аге we justified in calling Babbage's analytical engine a 
forerunner of modern day computer? 


Who developed the rotary keyboard calculator? 
What was Hollerith's contribution to the Punched Card system? 


Which was the first electronic computer to be designed and 
fabricated? 


What was the impact made by John von Neumann on the design 
of computers? 


Which was the first commercially produced computer? 


What was the switching device used in the first generation 
computers? 


In what ways were the second generation computers different 
from first generation computers? 


What type of main memory technology was used in second 
generation computers? 


What were the languages which emerged during the second 
generation computers? 


What main technological change ushered in the third generation 
of computers? 


What developments in computers have taken place in the fourth 
generation computers? 


PROGRAMMING PROJECTS 


CONCEPTS : 


In this last chapter we will illustrate with ten programming projects 
how to develop a program from a given statement of a problem. By the 
end of this chapter you should know: 

How to develop a general mathematical model from the 
given statement of a problem 

How to draw up the specifications for a program and 
document it | 

How to develop an algorithm from the specification 
suitable for computer solution 

How to write and document a BASIC program 
corresponding to the algorithm. ; 


We discussed in the earlier chapters how to read and write BASIC 
programs. In practice we are required to develop a program from a given 
statement of a problem. Normally a specific problem is given. For 
example, a typical problem statement would be: 

"A train leaves a station А at 10 A.M. towards station B which is at a 
distance of 60 kms from A. It takes 15 minutes to attain its full 
speed of 40 km/hr and takes 5 minutes to slow down and stop at B. 
When does the train reach B?" 


In this problem numerical values are specified such as leaves at 
10.00 A.M, takes 15 minutes to attain full speed etc. This problem can, of 
course, be numerically solved. If we want to write a program for this, it is 
essential to generalise. In other words, we should solve a problem where 
the specific numerical values are replaced by variables. The problem 
which has variables is a general problem. If we find a method of solving 
this general problem then by substituting values for these variables, the 
solutions of a large number of specific cases are automatically found. 
Further, while developing an algorithm for solving the problem, these 
variables should be kept as inputs. This would allow us to feed specific 
values as input data without any need to alter the algorithm. This is the 
essence of generalisation and should be done for solving problems using 
computers. The effort of writing a program and ensuring its correctness is 
worth it only if such a generalisation is attempted. 


For the above problem we generalise as follows: 

“A train leaves a station A at T; hrs. towards station B which is ata 
distance of D km from A. It takes T, mts. to attain its full speed of X 
km/hr and takes T, mts. to slow down and stop at B. When does the 
train reach B?” 

In the algorithm the variables Ts, D, T,, X, T, should be used at input 

variables. 

We will call the method of generalising a problem as explained 

above as “Modelling for computer solution". Modelling will be explained 
by taking ten different projects and developing models in each case. 


Having modelled the problem, the next stepis to specify the inputs of 
a program (to be developed) for solving the problem and the outputs or 
results to be provided by the program. А procedure or formula written in 
plain English is useful to say how the outputs would be obtained from the 
inputs. А statement of the procedure is useful to give a quick 
understanding of the solution method. This is an essential part of program 
documentation, i.e., an explanation of what the program does. 
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The problem should now be solved numerically for a given set of 
input values and the outputs calculated. Such a manual, numerical 
solution is necessary to check the correctness of the program to be 
developed later. Such a test case and test results should form part of the 
documentation. 

We evolve next, a detailed step-by-step procedure known as an 
algorithm which is suitable for conversion to a program and write it down. 
This algorithm is then written as a BASIC program. We first specify all the 
variable names which would be used in the BASIC program and their 
meanings in the context of the problem being solved. Such a list of 
variables names is extremely useful and is an essential part of program 
documentation. Finally, the results obtained by running the program with 
the test data is listed. 


Such a step-by-step program development and documentation is 
strongly recommended. The best way of learning this methodology 
is to study a set of model projects carefully. The method can then be 
absorbed and used by you for solving problems. With this aim we have 
developed in detail ten programming projects in the rest of the chapter. 
We have picked a variety of examples illustrating diverse applications of 
computers. If you go through them diligently, understand them, write the 
Programs yourselves and run them on a computer available to you, then 
you would have learnt well. You should then attempt independently the 
projects given at the end of the chapter and fully document them. 


18.1 Project 1: Flow of Water into a Tub 


18.1.1 Statement of the problem 


A cylindrical tub of diameter 2 metres is placed under a tap. The tap 
is opened and water flows out of it at the rate of 2 litres per second. Find 
the height of the water level in the tub at intervals of 1 second for 10 
seconds. 


1812 Modelling for computer solution 


Figure 18.1 illustrates the water flowing from a tap into the tub. 
Volume of the tub ‘of diameter d, height h is 
rtd h 
4 
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Water 


Fig. 18.1. Flow of water into a tub. 
Let h be the height of water level after t seconds. If v is the volume of 
water flowing from the tap per second, then 
_t d'h 
E 
EUR 
nd* 


ог В = 
We are given v and d and asked to find h for various values of t. 


181.3 Specification for program 
Inputs: v,d 
Output: h 
Parameter to be varied: t 
Initial Value of t — 1, Final Value 10. Steps of 1. 


Relation between input and output 


: 4vt 
Find : В = т 
Test result to be 
checked. Forv=2 4-2 t=1 
h=2/n = 0.63661 
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Fats de dut ГОД == 10 
16n 
= 23873 


1814 Algorithm 
Step 1 : Input v, d 
Step 2 : For t = 1to 10 do Steps3 and 4 
Step 3 : В = 4vt/(n d^) 
Step 4 : Print h, t 
Step 5 : Stop 
1815 BASIC program 


Variables and their meanings— 


V for litres/sec v 


D for tub diameter d 


Н for height of water in tub h 


T for time in seconds t 


Program listing 


10 
20 


REM PROGRAM TO FIND HEIGHT OF 
REM WATER IN TUB 
INPUT V,D 
P — 3.1415926 
FOR T = 1 TO 10 
Н = (4* V T(P*D*D) 
PRINT H,T 
NEXT T 
END 


1816 Sample inputs and outputs 
Input V, D 
М2 Ю-2 


Уч 
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Results tabulated below are rounded to 3 decimal digits: 


H T 
0.637 1 
1.273 2 
1.910 3 
2.546 B 
3.183 5 
3.819 6 
4.456 7 
5.093 8 
5.729 9 
6.366 10 


182 Project 2 : Combination Lock 


1821 Statement of the problem 


A combination lock does not have a key. It is opened by setting three 
digits on three dials. The problem is to write a program which will simulate 
such a lock. If three digits are input as specified (758 in this case), then the 
program should print “LOCK OPEN”. Any other sequence of digits 
should print “LOCKED”. 


1822 Modelling for computer solution 


Let the three digits of the combination be dı, da, da. If d; = 7,4, = 5 
and d, = 8 are fed as inputs the LOCK OPEN message should be printed. 
Else “LOCKED” message is to be printed. 


18.23 Specification of program and test data 
Inputs: Three integers (single digit each) for D1, D2, D3 
Output: Message LOCK OPEN or LOCKED 
Requirement: If lock does not open in the first attempt, three more 
attempts are to be given. 
Test data: D1 = 7, D2 = 5, D3 = 8 should lead to “LOCK 
OPEN” 
Any other values for D1, D2, D3 should print message “LOCKED”. 
If attempts > 4 then the program should stop. 
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1824 Algorithm 

Step 1: For attempt = 1 to 4 doSteps 2 to 5 
Step 2: Input d, d, d, 

Step 3: If (d, = 7) and (d, = 5) and (Ч; = 8) then go to Step 8. 
Step 4: Print “LOCKED” 

Step 5: Next attempt 

Step 6: Print "All attempts over" 

Step 7: Stop 

Step 8: Print “LOCK OPEN” 

Step 9: Print "ATTEMPT- ”, attempt 

Step 10: Stop 


1825 BASIC program 
List of variables, D1, D2, D3 for three digits of combination lock. 


ATTEMPT for attempt 
10 REM COMBINATION LOCK 
20 FOR ATTEMPT = 1 TO 4 
30 INPUT D1, D2, D3 
40 IF (D1 — 7) THEN 60 
50 GOTO 90 
60 IF (D2 — 5) THEN 80 
70 GOTO 90 
80 IF (D3 — 8) THEN 110 
90 PRINT “LOCKED” 
100 GOTO 130 
110 PRINT “LOCK OPEN” 
120 GOTO 160 
130 NEXT ATTEMPT 
140 PRINT “ALL ATTEMPTS OVER" 
150 STOP 
160 PRINT “ATTEMPT NUMBER= ^, ATTEMPT 


| М 


END 
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1826 Sample inputs and outputs 


Input 4 5, 6 
Output LOCKED 
Input 6; 154718 
Output LOCKED 
Input TUB 
Output LOCKED 
Input 5, 6,*9 
Output LOCKED 
ALL ATTEMPTS OVER 

New Set of Trials 

Input об 
Output LOCKED 
Input 5, 9, 8 
Output LOCKED 
Input 7325098 
Output LOCK OPEN 


ATTEMPT NUMBER = 3 


183 Project 3 : Finding Time from Longitude 


183.1 Statement of the problem 


The longitude of a city В is 140° E. Given that the Greenwich Mean 
Time (GMT) is 12 noon, it is required to find the ideal geographical time at 
R. The time should be printed as Hrs. mts. P.M. or A.M. 


183.2 Modelling for computer solution 


Given that the GMT is 12 hrs 00 mts., the time should be GMT +4 
mts. for each degree east of Greenwich (London) and GMT — 4 mts. for 
each degree west of Greenwich. In practice, for convenience, the globe is 
divided into time zones with time changing by one hour when a zone is 
crossed. The zones are decided based on considerations like boundary 
between countries, convenience in having one time for the whole country 
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etc. There is no systematic algorithmic way of finding the correct "legal 


time" in a city given its longitude. We can, however, find out the correct 
“geographical time" given a longitude using the fact stated at the 


beginning of this section. 


Thus, 


if the longitude of a city R is n? E then the time there is 
(GMT + n*4 mts.). If the longitude is m? W the time is then (GMT—m'4 
mts.). Observe that for East longitude minutes are added whereas for 
West longitude minutes are subtracted. In order to give the time as hours 
and minutes, the minutes should be divided by 60 and the integer 
quotient should be added to hours. For East longitude the time in P.M. 


is found by subtracting 12 Hrs. For West longitude the time is A.M. 


18.3.3 Specification of program and test data 


Inputs: 


Output: 


Method 


Input 1: 


Output 1 : 


Input 2 : 
Output 2: 
Input 3 : 
Output 3 : 


Input 4 
Output 4 : 


Input 5 : 
Output 5 : 


An integer for longitude 
The character E to specify East longitude 
and the character W to specify West longitude. 


Time at given longitude — N Hrs, M minutes 
A.M or P.M 


For n°E the time is = 12 noon + n'4 mts. 
For m*W the time is — 12 noon — m'4 mts. 
Longitude 140, E 
Time = 12 noon + 140'4 = 12 noon + 560 mts. 
— 9 Hrs. 20 mts. P.M 
Longitude — 140 W 
Time — 12 noon — 140*4 mts. — 2 Hrs 40 mts. A.M 
Longitude — 120 W 


Time — 12 noon — 120*4 — 12 noon — 480 mts. 
— 12 noon — 8 hrs - 4 A.M 


: Longitude : 180 W 


Time = 12 noon — 180*4 = 12 noon — 720 mts. 
= 12 — 12 hrs = 0 AM. 


Longitude : 180 E 


Time = 12 noon + 180*4 = 12 +720 mts = 12 + 12 
= 12 РМ. 
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1834 Algorithm 


Step 1: Іпрш longitude as x? East or x? West 
Step 2: If East then time = (x* 4) mts. afternoon (Р.М) 
Step 3: Hrs = Quotient of (x* 4/60) and 
Mts — Remainder 
Step 4: Print Hrs, Mts. P.M. and Stop 
Step 5: If West then time = 12 — (x*4) mts. А.М. 
Mts = 60 — Remainder of (x* 4/60) and 
Step 6: Hrs = 12 — Quotient of (x* 4/60)—1 
Step 7: If Mts = 60 then Hrs = Hrs + 1; Mts- 0 
Step 8: Print Hrs, Mts A.M. and Stop 


183.5 BASIC program 


List of variables and their meanings: 


10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
“140 


р = Longitude in integers 
L$ - EorW (Direction East or West) 
MTS = Minutes 
HRS = Hours 
REM : FINDING TIME AT 12 NOON GMT 
INPUT D, L$ 
IF (1$= ^E" THEN 70 


IF (1%- “W”) THEN 145 
PRINT “ERROR IN INPUT DIRECTION" 
STOP 

IF (D > 180) THEN 130 

MTS = D*4 

HRS = INT (MTS/60) 


MTS = MTS — (HRS*60) 

PRINT “ТІМЕ= "; HRS; ^"; MTS, “ Р.М” 
STOP 

PRINT “ERROR IN INPUT DEGREES" 
STOP 
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N 


312 


145 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 


COMPUTER PRIMER 


IF (D > 180) THEN 130 
MTS= D*4 

HRS = INT (MTS/60) 

MTS = 60—(МТ5—НЕ5*60) 
HRS = 12-HRS-1 

IF (MTS < > 60) THEN 220 
HRS = HRS + 1 

MTS = 0 

PRINT “ТІМЕ= "; HRS; “>; MTS, “А.М” 
STOP 

END 


183.6 Sampleinputs and outputs 


Input Output 
140 E = 9.20 PM. т 
140 W TIME — 240 AM. 
120 W TIME — 400 AM. | 
180 W TIME - 00 AM. 
180 E TIME = 12.00 РМ. 
120 E TIME = 8.00 PM. 
TIME = 120АМ. 
160 E TIME — 1040 P.M. 
120 M ERROR IN INPUT DIRECTION | 
190 E ERROR IN INPUT DEGREES 


184 Project 4 : Checking Age from a given Date 


1841 Statement of the problem 


A school admits students if their age is 5 years or above on a 
specified day of the year. Given the date of birth of a child it is required to 
find if the child is eligible for admission based on age. For example, if a 
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child is to be admitted in 1985 the specified date may be 1.8.1985 on 
which he/she must have attained the age of 5. 


184.2 Modelling for computer solution 


Let the date of birth of a child be given as 
B.day, B.month, Вуеаг. 


Let the date on which age is to be checked be: 
S.day, S.month, Present year 


Let the Present year be 1985. 

Let the specified date be 1.8.1985. 
1. Given the date of birth as 31.12.1979, then on 1.8.1985 the age > 5 
2. Given the date of birth as 31.7.1980, then the age > 5 on 1.8.1985 
3. Given the date of birth as 1.8.1980, then the age — 5 on 1.8.1985 


Using these examples we can obtain Table 18.1 to specify whether 
the child has completed 5 years on S.day-S.month-Present year. 


The specification given in Table 18.1 is used to develop an algorithm 
for checking age. 


Present year—B.year 
Conditions 
to be S.month—B.month 
checked 


S.day—B.day 


Table 18.1. Table to check age. 


1843 Specification of program and test data 


Inputs(1) The specified date in the present year when 5 years age should 
be attained given as 2 digit day, 2 digit month and the present 


year (4 digits) 
(2) The date of birth of the child given as 2 digit day, 2 digit month, 
4 digit year 
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eg. Input day, month, year 
Method: Use specification given in Table 18.1. 
Output: Message which says ELIGIBLE or NOT ELIGIBLE 


Test Data 


Input 1: Specified date S. day — 1, S.month — 8, Present year — 1985 
day =31, month — 12, year — 1979 

Output 1 : Message Eligible 

Input 2: Specified date: S. day — 1, S. month — 8, Present year — 1985 
day = 31, month = 7, year — 1980 

Output 2 : Message Eligible 

Input 3: Specified date: S. day = 1, S. month = 8, Present year = 1985 
day — 1, month — 8, year — 1980 

Output 3 : Message Eligible 

Input 4: Specified date: S. day — 1, S.Month — 8, Present year — 1985 
day — 2, month — 8, year — 1980 

Output 4 : Message Not Eligible 


1844 Algorithm 


Step 
Step 
Step 
Step 
Step 
Step 
Step 
Step 
Step 


© 010970 бо N н 


Step 10: 
Step 11: 


Step 12 
Step 13 
Step 14 


: Input S. day, S. month, Present year 

: Input B.day, B. month, B.year 

: year difference — Present year — B.year 

: month difference — S. month — B. month 

: day difference — S. day — B. day 

: If (year difference > 5) then Print "Eligible" and stop 
: If (year difference = 5) then go to Step 9 

: Print "Not Eligible" and stop 

: If (month difference > 1) then Print “Eligible” and stop 
If (month difference = 0) then go to Step 12 

Print “Not Eligible” and stop 

: If (day difference = 0) then Print “Eligible” and stop 
: Print “Not Eligible” 

: Stop 
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1845 BASIC pregram 


List of variables PYEAR = Current Year 


(a 4 digit number) 
Day of child's birth 
Month of child's birth 


YEAR = Year of child's birth 
(a 4 digit number) 


5 5 
> 
< 
i I 


Day of the year in which DAY = Specified day 

5 years should be completed (S MTH = Specified month 
YRDF = PYEAR — YEAR 
MDF = SMTH- МТН 
DADF = SDAY —DAY 


10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 


REM ELIGIBILITY BASED ON AGE EXAMPLE 
INPUT SDAY, SMTH, PYEAR 
INPUT DAY, MTH, YEAR 
DADF = SDAY DAY 

МОЕ = SMTH — МТН 

YRDF = PYEAR — YEAR 

IF (YRDF > 5) THEN 160 

IF (YRDF =5) THEN 100 
GOTO 140 

IF (MDF > = 1) THEN 160 
IF (MDF = 0) THEN 130 
СОТО 140 

IF (DADF > = 0) THEN 160 
PRINT “NOT ELIGIBLE” 
STOP 

PRINT “ELIGIBLE” 

END 
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184.6 Sample inputs and outputs from program 
Inputs to be given in separate lines 


Output 


Set No. | те | 


1985 

1980 ЕШСІВІ.Е 

1985 4 
1980 ELIGIBLE 


NOT ELIGIBLE 


NOT ELIGIBLE 
8 1985 4 
9 1980 NOT ELIGIBLE 


185 Project 5: Simple Cryptography 


185.1 Statement of the problem 


Cryptography is the art of creating a secret code so that messages 
using such a code cannot be easily understood unless the secret code is 
known. Suppose we have a message: 

RAMAN COMING TO CALCUTTA 
A secret code one may use to hide its meaning is to interchange 
neighbouring letters (blank is considered to be a letter) and send the 
coded message called a cryptogram. The coded message is: 


ARAM NOCIMGNT OACCLTUAT 


Even this simple technique makes the coded message not 
understandable! à 


Another secret code (also known аз cryptogram) is to replace each 
letter by a letter which follows it in the English alphabet, i.e., replace A by | 
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B, B by С---ап42 by A. In this case blanks are left as they are. Using this 
method the message 


RAMAN COMING TO CALCUTTA 
would become 
SBNBO DPNJOH UP DBMDVUUB 


which is also not understandable. A person knowing the coding method 
used can easily get back the original message. 


In this project we will use the first coding method, i.e., interchanging 
neighbouring letters. Given a message the program should print the 
coded message. 


1852 Modelling for computer solution 


We will scan the message string S starting with the first character 
from left to right. As we scan we will create another new string NS whose 
ith character will be the (i+ 1)" character of S and whose (i+ 1)'^ character 
will be the it character of S. Thus if the first string S is ABRACA then NS 
will be BAARAC. The interchange will be as shown below: 


S—  ABRA'CA 
Ns—— BA AR А 


If S has an odd number of characters then the last character of S is 
copied as it is into NS as shown below: 


S—— ABRAC 
№— BÓ АВ 


1353 Specification of program and test data 
Input: А string S of characters of length L 


Output: A new string created from S 
such that №, < $; and NS,,; = $, fori 1to L – 1 


S,and NS,,, are respectively the ith and (i+1) characters of the 
strings S and NS respectively. 
Test data (1) S-RAMAN COMING TO CALCUTTA 
NS = ARAM NOCIMGNT OACCLTUAT 
(2) S=ABRACADABRA 
NS - BAARACADRBA 
Observe that in Test Case 2 the last character is kept as it is as there 
is no character after it to interchange. 
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1854 Algorithm 
Stepl: InputS 
Step 2: New string — Null 
Step3: LetL =length of S 
Step 4: Fori-—1 to L— 1 in steps of 2 do steps 5 and 6 
Step 5: New string = New string + S,,, 
Step 6: New string — New string + S, 
Step 7: IF Lis odd then New string = New string + S, 
Step 8: Print S 
Step 9: Stop 


1855 BASIC program 


List of variables and | S$ : Given input string 
their meanings NS$ : New string to be created 
L : Length of S$ 
I. : Index used 
The operator MOD in BASIC Gives remainder after division. 
10 REM INTERCHANGE LETTERS CRYPTOGRAM 
20 INPUT 5% 
30 L=LEN (S$) 
40 М5%-“” 
50 FOR 1=1 TO (L— 1) STEP 2 
60 NS$ = NS$ + MID$(S$, 1+ 1, 1) 
70 NS$ = NS$ + MID$(S$, 1, 1) 
80 NEXTI 
90 REM IF L IS ODD APPEND LAST CHAR. OF S$ TO NS$ 
95 K=LMOD2 
100 IF K= 0 THEN 120 


110 NS$=NS$+ MID$(S$, L, 1) 
120 PRINT NS$ 


130 END 
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18.56 Sample inputs and outputs 
Input 1 
RAMAN COMING TO 
Output 
ARAM NOCIMGNT O 


س اا الل 1 


Input 2 

HE CAME HOME 
Output 

EHC МА ЕОНЕМ 


о a _— 


186 Project 6: Railway Time Table 


1861 Statement of the problem 


A train leaves a station А at 10 A.M.towards a station B which is at a 
distance of 60 km from A. It takes 15 minutes to attain its full speed of 40 
km/hr and takes 5 minutes to slow down and stop at B. It stops for 10 
minutes at B. It leaves B to station C at a distance of 100 kms and it takes 
20 minutes to attain its full speed of 60 km/hr and takes 10 minutes to 
come to a halt at C. Find the time at which the train reaches station G 


18.6.2 Modelling for computer solution 


Figure 18.2(а) shows the stations and in Fig. 18.2 (b) we show the 
rate of change of speed of the train from start to maximum speed and then 
halting. 


Let T, be the time to attain full speed of x km/mt 

Let T, be the time to halt from x km/mt 

Let D, be the distance between stations A and B 

We have to find the total time taken to travel from A to B. 


Assuming that the full speed is reached linearly as shown in Fig. 18.2(b) 
the average speed is 2 km/mt. Distance travelled in T, minutes at this 


average speed is 2 T, km. 
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Speed 
km/mt. 


mts 
15 т 5 10 20 ? 10 
(b) 


Fig. 18.2. Movement of train between stations: (a) Three stations А,В,С; (b) 
Speed vs. Time of train movement. 


Similarly distance at which the train should start reducing speed to halt at 
station B is given by 5 Т, km. 


The distance travelled by the train at its full speed of x km/mt. is: 
Da- T,—5 TJ km 


Time taken to travel this distance — T, — ». — (S ys 


Total time taken to travel from A to B =T, + T, + T, 
The halting time at station B — T, (given) 
Similarly the time taken to travel from B to C is: 


тву уу Іт 


where Dyc is the distance from B to C and y the steady speed attained by 
the train between B and C. Using the above times the total time taken to 
reach station C can be found. 


The procedure can be generalised to n stations as follows: 


Let T, be the time taken by the train to accelerate to full speed 
starting from a station J 


Let V be the maximum constant speed attained by the train in km/ 
minutes 


Let T, be the time to decelerate and stop at the next station K 
Let D be the distance in km between the two stations J and K 
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Time taken by the train to travel from J to K is: 
мт, жт}, D TT, 
2 V 2 
Let T, be the time at which the train leaves J 
Let T, be the halting time of the train at K 
Then Time of reaching К T, — T, +T, 
Time of leaving К =T, + T, 


T,=T, + T, +\D— 


This generalised formula can be used to create a time table for a train 
halting at many stations. 


1863 Specification of program and test data 
Inputs : Time at which train leaves A in Hrs, Mts. 
Number of stations where it halts N 
Time taken by train to accelerate to full speed T, 
Maximum steady speed of train V in km/mt. 
Time taken by train to decelerate and stop T, 
Distance between two stations D 
Time for which train halts at the next station Т, 


Procedure : 
Use formula for travel time: 


T,+T, , р 


T= + — (travel time) 
V 


Add travel time to starting time to obtain arrival time 
Add halting time to arrival time to obtain departure time 
Repeat the above procedure for each station 

Outputs: 
Arrival and Departure time at each station 

Test data : 
Station А: Dep. time: 10.00 hrs 


Acceleration time T,= 15 mts 
Deceleration time T= 5 mts 

Full speed V= 2/3 km/mt 

Distance between A and B — 60 km 
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Station B: Halt at В = 10 mts 
Acceleration time from B = 20 mts 
Deceleration time T, — 10 mts 

Full speed V = 1 km/mt 

Distance B to C= 100 km 

Results : 

Arrival at B =11 Hrs 40 mts 
Departure B = 11 Hrs 50 mts 
Arrival at С =13 Hrs 45 mts 


1864 Algorithm 
Step 1: Input start-time 
Step 2: For station — 1 to n do steps 3 to 8 
Step 3: Input T, V, T, D, halt time 


Remarks : T, is time to accelerate, T, is the time to decelerate and V 


is the maximum speed reached and D distance between 
stations. 


Step 4: Travel time = (T, + T)/2 + D/V 

Step 5 : Time of reaching station T, — Start time + Travel time 

Step 6: Time of leaving station T, =T, + halt time 

Step 7 : Print T, T, 

Step 8: Start-time = Time of leaving station 

Step 9 : Next station 

In the program we have to convert from minutes to hours. 
For example, if the time of starting is 10 Hrs and travel time is 100 mts the 


time of reaching should be given as 11 Hrs 40 mts rather than 10 Hrs 100 
mts. This is done in the BASIC program. 


Observe that in Step 8 we are initialising the start time to the time of 
leaving the station after halting. This is necessary to complete the arrival 
time of the train at each subsequent station. 
1865 BASIC program 
List of variable names and their meanings: 

SHRS = starting time Hrs 
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SMTS = starting time Mts 


STN — Station numbers 

NS = Number of stations 

5% — Station name 

TA — Time to accelerate 

V — Maximum steady speed between stations (km/hr) 
TD — Time to decelerate 

D — Distance between stations in km 

TS = Halting time at station 

"E — Travel time between stations 

TR — Time of reaching stations (minutes) 


THRS, TMTS =TR expressed in whole hours and minutes 


HRS, MTS - Time of departure, i.e. (TR + TS) expressed in Hours 
and Minutes. 


PROGRAM Listing 

10 REM RAILWAY TIME TABLE 

20 INPUT SHRS, SMTS, NS 

30 FOR SIN=1 TONS 

40 INPUT $$, TA, V, TD, D, TS 

50 X TT-05'(TA + TD) + D/V'60 

60 TR=SMTS+TT 

70  THRS=INT(TR/60) + SHRS 

80 — TMTS- TR-INT(TR/60)'60 

90 — HRS=THRS +INT((TMTS + TS)/60) 
100  MTS=(TMTS + TS) - INT(TMTS + Т5)/60)60 
110 PRINT S$, THRS, ТМТ, HRS, MTS 
120  SHRS=HRS 
130 $МТ5=МТ$ 
140 NEXT STN 
150 END 
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186.6. Sample inputs and outputs 


Test data 1 


Input 


Input 


Output 


Input 


Output 


Test data 2 


Input 


Input 


Output 


Input 


Output 


Input 


Output 


SHRS 5МТ5 
10 00 
5$ ТА 
В 15 
S$ THRS 
B 11 
$$ ТА 
C 20 
S$ THRS 
С 13 

SHRS 5МТ5 
10 00 
5% ТА 
B 10 
S$ | THRS 
B 10 
S$ TA 
© 5 
$$ THRS 
С 12 
5$ ТА 
D 6 
S$ THRS 
D 13 


TS 


TS 


TS 
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187 Project 7: Crossing of Trains 


187.11 Statement of the problem 


A station О is at a distance of 100 km from a station P; A train starts 
from P and travels towards station Q at an average speed of 30 km/hr for 
the first 20 km and then at a speed of 40 km/hr. Another train starts 
simultaneously at station Q and travels towards station P at an average 
speed of 20 km/hr for the first 15 km and then at a speed of 30 km/hr. 
Assume that the two trains travel along straight parallel tracks. Find the 
distance from station P where the two trains will meet and the time from 
the starting of the trains when they will meet. 


1872 Modelling for computer solution 

Referring to Fig. 18.3 let d be the distance between the two stations. 
We see that T, and T, travel at 2 speeds. 
Let S, be the speed of T, for the first p kms and S, be its speed after p kms. 
Let S, be the speed of T, for the first q kms and S, after q kms. 


P T, т, Q 
b Med 
100 - 
кт 
Fig. 18.3. Two trains moving towards one another. 


this problem using a computer, the best strategy is 
be the distance travelled by Т, from P. Let dq be the 
om Q. The two trains will meet when 


For solving 
simulation. Let dp 
distance travelled by Т, fr 
dp= d — dq 
We will find the distance travelled by T, and T, 
respective starting stations. 
by train T, from P in a minute is given by: 


each minute from their 


The distance travelled 
dp = S, /60 km for dp X P km 
and dp = S,/60 km for dp > p 
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Similarly the distance travelled by train T, from Q in a minute is given by: 


dq = S, /60 km for dq < q km 
and dq = S, /60 km for dq > q 


The time T at which dp > (d—daq) is the time the two trains meet and dpis 
the distance from P where they meet. 


18733 Specification of Program and test data 
Inputs: (1) The distance D between two stations P and Q in km 


(2) Speed S, of train starting from P for the first p km and the 
speed subsequently S, 


(3) Speed S, of train starting from Q for the first q kms and its 
speed subsequently S,. 


Method: Distance travelled from P per minute is 
DP — S1 /60 till DP <р 
= 52 /60 for DP>p 
Distance travelled from Q per minute is 
DQ — S3 /60 till DQ «q 
= 54 /60 for DQ >q 
The trains meet when DP > (D—DQ) 
Find T when this happens. 


Outputs: (1) The distance DP from P where the two trains meet 


(2) The time T from the starting time when two trains meet 
Test data: 


D — 100 kms 

p —30 kms 4-40 kms 

$1 = 15 km/hr S3 =20 km/hr 

$2 =30 km/hr $4 — 40 km/hr 
Results: 

DP — 43 kms 


T —2 hours 26 minutes 


A 
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187.4 Algorithm 
Step 1 : Input d, S, p, Sa 5; q, S, 
Step 2 : t=0,dp=0,dq=0 
Step 3 : dp- dp + 5,/60 
Step 4 : dq = dq + S,/60 
Step 5 :t=t+1 
Step 6 : If dp» p then 5,< 5; 
Step 7 : If dq >q then S,—S, 
Step 8 : If dp > (9-99) then go to Step 9 else go to Step 3 
Step 9 : Print t, dp 
Step 10 : Stop 


1875 BASIC program 
List of variables: D for d distance between P and Q 
S1 speed of train T, for first p km 
P for p 
S2 speed of Т, after P km 
S3 speed of T, first Q km 
Q for q 
S4 speed of T, after Q km 
T time of motion in minutes 
10 REM PROGRAM TO SIMULATE TRAIN MOTION 
20 INPUT D, S1, P, S2, S3, О, 54 
30 Т-0 
40 DP=0 
50 DQ=0 
60 DP = DP + $1/60 
70 DQ-DQ + 53/60 
80 Т=Т+1 
90 IF DP>P THEN $1 = 52 
100 IF DQ>Q THEN 83 = 54 
110 IF DP>=(D—DQ) THEN 130 
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130 PRINT “TIME TRAINS MEET =”; T 
140 PRINT “DISTANCE FROM P=”; DP 


150 END 


1876 Sample inputs and outputs 


Test data 1 

D 
Input 100 
Output 
Test data 2 

D 
Input 60 
Output 
Test data 3 

D 
Input 100 
Output 


188 Project 8: Recurring Deposit Scheme 


15 30 30 20 


40 


TIME TRAINS MEET = 147 (MTS) 


DISTANCE FROM P = 43.25 


20 25 15 25 
TIME TRAINS MEET = 75 
DISTANCE FROM Р = 25 


20 30 15 25 
TIME TRAINS MEET — 152 
DISTANCE FROM P = 45.5 


188.1 Statement of the problem 


A bank has a recurring deposit scheme in which a customer opens 
-. Each month after that he is expected to deposit 
monthly. What is the balance in the 
d of 24 months. The answer is to be given to 


an account with Rs. 100/ 
Rs. 100/-. The bank pays 196 interest 
customer's account at the en 


the nearest 10 paise. 


20 


S4 
40 


S4 
35 


S4 
20 


1882 Modelling for computer solutio 


Let P be the initial deposit amount and T the deposit each month. Let 
the monthly interest rate be В%. The balance in the account at the end of 
one month is 


B, = P(1 + R/100) 
The balance at the end of two months is 
B, = (Р(1 + R/100) + Т)(1 + R/100) 
= (B, + T1 + R/100) 
The balance at the end of three months is 
B, = (В, + T)(1 + R/100) + Т)(1 + R/100) 
= (B, + Т(1 + R/100) 
The balance at the end of n months is thus 
B, = (B, + T) (1 + R/100) 
It is easy to implement the above formula using a for loop in an 
algorithm. 


1883 Specification of program and test data 
Inputs: Initial deposit P 

Recurring monthly deposit T 

Monthly interest rate R 

Number of deposit months n 
Method: Implement relation 

B, =P (1 + R/100) 

В, = (B, + T)(1 + R/100) 


B, = (В, + T) (1-- R/100) 


Outputs: 
Balance B, at the end of each month to nearest paisa. 


Test data: P= 100, T = 100, R— 1, п-б 
В,-101,В,-203, B, = 306, B, 410.10 


В, = 515.20, В,= 621.40 
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1884 Algorithm 


Stepl : Input P, T, К, n 

бір 2 : B=P*(1+R/100) 

Step 3 : Ғогі=2 ton do Steps 4 to 9 

Step 4 : B=(B+T)(1+R/100) 

Step 5 : B in Раба = B'100 

Step6 : B nearest 10 paisa=Integer part of((B in Paisa + 5/10)*10) 
Step 7 : B in rupees — Integer part of (B nearest 10 paisa/100) 
Step 8 : B in paisa — B nearest 10 Paisa — B in Rupees*100 

Step 9 : Print B in rupees and paisa 

Step 10 : Stop 


Step 6 in the algorithm above requires a small explanation. It is used to 
round paisa to the nearest 10 paisa. For example, if paisa = 64 or 
less then it should be rounded to 60 and if it is 65 or above it should be 


rounded to 70. This is done by adding, 5 paisa and rounding as shown 
below: 


Integer part of ((64 + 5)/ 1010 = 6*10 = 60 
Integer part of ((66 + 5)/ 10)*10 = 7*10 = 70 


1885 BASIC Program 
List of variable names and meanings 
P — Principal deposited initially 
T = Monthly deposit 
R — Interest rate per cent per month 
N = Number of months of deposit 
B — Balance at the end of each month (rupees) 
BPAS = Balance in paisa 
BNTS — Balance to nearest ten paisa 
BRS = Balance in whole rupees 
BP — Paisa part of Balance to nearest ten paisa 
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5 REM RECURRING DEPOSIT BALANCE 
10 INPUT P, T, В, М 
20 B=P"(1+R/100) 
30 FORI-2TON 
40 B=(B+T)(1+R/100) 
50 ВРА5-В1100 
60 ВМТР5-ІМТ(ВРА5 +5)/10'10 
70 BRS=INT(BNTPS/100) 
80  BP=BNTPS—BRS*100 
90 PRINT “RS”; BRS, “PS”; BP; “ MONTH = "1 
100 NEXTI 
110 END 


1886 Sample inputs and outputs 


Test data 1 
Р R R N 
Input 100 100 1 6 
Output Rs. 203. Р5.0 MONTH = 2 
Rs. 306 PS.0 MONTH =3 
Rs.410 PS. 10 MONTH = 4 
Вѕ. 512 PS. 20 МОМТН = 5 
Rs.621 Р5. 40 MONTH = 6 
Test data 2 
P Т R N 
Input 500 100 0.75 8 
Output Rs. 608 Р5.30 MONTH = 2 
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189 Project 9 : Hire Purchase Interest Calculation 


189.1 Statement of the problem 


A shopkeeper sells a radio for Rs. 450 cash down or Rs. 100 cash 
down and Rs. 60 monthly payment for 6 months. What is the interest rate 
charged by the shopkeeper? 


189.2 Modelling for computer solution 


Let C be the cash payment in full. Let D be the down payment and M 
the monthly payment. Let N be the number of monthly payments. 


Let us tabulate the principals owed each month to the shopkeeper 
by the customer 


1st month C-D 
2nd month =C—D— 
C-D- 


M 
3rd month М-М=С-О—2М 


№ month =C—D—(N—1)M 


The sum (C—D)+(C—D—M) + (C—D—2M)...+ (C-D—(N— 1)M) 
may be taken as the principal P owed for one month by the customer to 
the shopkeeper. 


The interest charged by the shopkeeper on the above principal is 
calculated as follows: 


Down payment = D 
Monthly payment of M for N months = MN 
Therefore Price under instalment plans = D + MN 
Price if cash down in full = С 
Therefore Interest charged = I = (D + M.N) — C 
If R is the rate of interest then 

[= Р'В 
Where t is the period in years. 
In our example t — 1 month — 1/12 year 
P*R 

12 


. 12'I 
P 


a= 


D+MN-C 
(C—D)+(C—D—M)+(C—D—2M)...+(C—D—NM) 


Rate in per cent =R * 100 
1893 Specification of program and test data 
Inputs: C the cash down payment in full 
D Down payment (in cash) 
M Monthly instalment payment 
N Number of instalments 
Procedure 


Implement formula RP — 1200(nterest paid) 


Monthly principal outstanding. 


Output: RP — Interest rate in per cent per year 
Test data: С= 450, D = 100, М=60, N —6 
Result: 
pal. 100 + 60 *6 — 450 } 12-100 
350 + 290 + 230 + 170 + 110 +50 


= 10 +1200=10% 
1200 


1894 Algorithm 
Step 1 : Input C, D, M,N 
Remarks : Calculation of principal owed each month 
Principal owed the first month = C — DSF 
Principal owed subsequent months = Р-М, P—2M etc. with 
reduction of M each month. 
Remarks : Principals owed accumulated in S 
Step2 : P2 C-D 
Step3 :S=P 
Step 4 : For month = 1 to (N — 1) do Steps 5 and 6 
Step 5 : РЕР-М 
Step6 :S=S+P 
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Step 7 : Interest =D + M'N-C 
Step 8 : Rate =Interest"12°100/S 
Step 9 : Print Rate 

Step 10 : Stop 


1895 BASIC program 


List of variable names and meanings 
С = Cash down payment in full 

D = First cash payment 

M — Monthly payment 

N = Number of months payment to be made 
P — Principal owed each month 

S = Sum of principals owed each month 

| = Interest payment made 

R — Rate of interest in per cent per year 


Listing of program 

10 REM INTEREST CALCULATION 
20 INPUT C, D, М, N 
30 P=C—D 
40 5-Р 
50 FOR MONTH = 1 TO (N — 1) 
60 Р-Р-М 
70 S=S+P 
80 NEXT MONTH 
90 I2D-M'N-C 

100 В=Г 1200/5 

110 PRINTR 

120 END 


Comments 


The main advantage of developing a computer program is that it is 
general. Given any set of values of cash price, down payment, monthly 
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payment and number of payments the interest per cent could be 
calculated. 
189.6 Sample inputs and outputs 
C арми 
450 100 60 6 10 
150 ..:35:1:2953(261 1588 
1000 250 85 10 3265 


18.10 Project 10: Bank Pass Book Calculation 


18101 Statement of the problem 

A savings bank accepts deposits and allows withdrawal by 
customers. Simple interest is paid once a month. The minimum balance in 
the customer's account between 10th ot the month and the end of the 
month is used to calculate the interest. It is required to print a statement of 
accounts of each customer and print the interest due each month at the 
end of the month 


18.102 Modelling for computer solution 


Let each transaction of a customer be entered in the form as shown 
in Table 18.2. The starting balance is Rs. 1000. 


money 
3 540 
6 100 
7 500 
9 300 
14 100 
19 500 
25 400 
0 0 


Table 18.2. List of customer transactions. 


The day of month is entered first, followed by the amount of money 


involved in the transactions and the type of transactions; CR if it is a 
deposit or credit and DB if it is a withdrawal or debit. The end of 
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transactions for each month is indicated by 0 for day, 0 for amount and 
END in the type of transaction. At the beginning of each month, the 
starting balance should be given. 


Before reading the first transaction, the program should set the 
current balance equal to the starting balance. Then it reads a transaction. 
If it is DB it subtracts the amount from current balance. If it is CR it adds 
the amount to the current balance. It checks the day. If it is less than or 
equal to 10 then the current balance is taken as the minimum balance and 
the next transaction is read. If it is after the 10th of the month, it checks to 
see if the current balance is smaller than the minimum balance. If so, it is 
stored as the low balance. This is done because the current balance on or 
after the 10th of the month only is to be taken into consideration to find 
the minimum balance. This procedure of reading transactions, finding 
net current balance and finding minimum balance up to date is repeated 
until the end of month indicator transaction, namely the transaction with 
END as the type of transaction is reached. 


When this is reached the interest is calculated using the low balance 


and the given interest rate. If the rate is R per cent yearly then the interest 
is: 


Interest = minimum balance * GN E Rd 
100 12 


18.10.3 Specification of program and test data 


Input: List of transactions as shown in Table 18.2. 
Procedure 


(1) Initialise current balance — starting balance 


(2) Read transaction. If DB, substract amount from current balance 
and store balance. Print transaction. If CR, add amount to 
current balance, store balance and print transaction. 


(3) Keep minimum balance = current balance till 10th of month. 
After 10th compare current balance with minimum balance and 
store the lowest value as minimum balance. 


(4) Calculate interest using the formula: 
Interest = Min. Balance * R/1200 


Outputs 


1. Each transaction after debiting or crediting 
2. Interest at the end of the month 


Test data and results 


Input 


Starting balance = 1000, rate = 5 
Day Amount Trans. 
type 
540 CR 
DB 


18.10.4 Algorithm 


Step 1: Read starting balance, rate 


Step 2: Current balance — Starting balance; 
Min. Balance < Current balance 


Step 3: Read Day, Amount, Trans. type 
Step 4: Н (Trans.type = “END”) go to 11 


Step 5: If (Transtype = “DB”) then 
Current balance < Current balance — amount 


Step 6: If (Trans.type=“CR’) then 
Current balance < Current balance + amount 


Step 7: Print Day, Amount, Trans.type, Сига! 
Step 8: If (Day < 10) then (Min.Bal < Current bal; go to 3) 


Step 9: If (Curr. bal < Min. Bal.) then 
Min. Balance + Current balance 


A 


Step 10 : go to 3 
Step 11: Print Min. bal 
Step 12: Interest = Min. Bal*rate/1200 


Step 13: Print, Min. balance, Interest 
Step 14: END 
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18105 BASIC proaram 


List of variable names and meanings 
SB = Starting Balance 
RATE = Interest Rate 


СВ = 


Current Balance 


MIN — Minimum Balance between 10th and end of month 


DAY 
AMT 


— Day of the month 
— Amount of deposit or withdrawal 
TR$- 


Type of transaction 


Program listing 


10 
20 
30 
35 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 


REM STATEMENT OF SAVINGS ACCOUNT 
INPUT SB, RATE 

CB — SB 

MIN — SB 

INPUT DAY, AMT, TR$ 

IF (TR$—"DB") THEN 80 

IF (TR$=“CR”) THEN 100 
IF (TR$=“END”) THEN 170 
CB — CB — AMT 

GOTO 110 

CB = CB + AMT 

PRINT DAY, AMT, TR$, CB 
IF (DAY « —10) THEN 150 
IF (CB < MIN) THEN 150 
GOTO 40 

MIN — CB 

GOTO 40 

NT — MIN*RATE/1200 
PRINT MIN, NT 

END 
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18.106 Sample inputs and outputs 


Test data 1 


Test data 2 


Input 
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EXERCISES 


Each exercise is a small project. You should develop the appropriate 
mathematical model, develop the program specifications, test data and 
results, algorithm and the BASIC program. 


18.1 


182 


183 


184 


18.5 


18.6 


187 


А conical bucket's bottom is of 7 metre diameter, its height 1 
metre, and its top 1 metre diameter. It is placed below a tap from 
which water flows at the rate of 3 litres/minute. Find the height of 
the water level in the tub at intervals of 1 minute for 10 minutes. 
A farmer is given a rope 500 metres long. He is allowed to tie the 
rope in a rectangle or square enclosing a piece of land to graze his 
cattle. How should һе tie it to get maximum grazing area? What is 
the maximum grazing area he can get? 

A six digit number 367645 is given. Write a program which will 
add the digits repeatedly till a single digit answer is obtained. In 
the above case we get 3+6+7+6+4+5 = 31; 3 +1 = 4. 


Using the definition of leap year, find out whether the following 
years have 29 days in February: 1960; 1900, 1942 


Mr. Gopal would like to deposit regularly some money every 
month in a bank so thatat the end of 10 years he has Rs. 15000 in 
his account. How much should he deposit each month if the bank 
pays compound interest at 1096 on the baiance in his account 
compounded monthly? 

A train leaves station A at 11 A.M. for B which is 100 km away. It 
takes 10 minutes to accelerate to full speed of 50 km/hr. 
Another train leaves B for A on a parallel track at 11.30 A.M. and 
takes 15 minutes to accelerate to full speed of 60 km/hr. Find out 
the time at which they meet and the distance from A where they 
meet. 

Develop a program which takes a string of characters and creates 


another string where every second letter is interchanged ‘аз 
illustrated below: 


String ABRACADABRA 
New String RAABDACAABBR 
In other words NS, Sia. is 559 --- 


NS, , — ——S,,, 


NS, 4— — S, 


NS, 44— ——S.., 


18.8 


18.9 


18.10 
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The solution of a quadratic equation 
ах? + bx + c=0 is given by 
x = (—b + yb'—4ac)/2a 


Develop a general program to find the solution for the following 
set of values of a,b,c 


a b с 
0 2779 
2 10 3 
1 ҚАЗА 
2 а 4 


To find the height of а tower, a student stands at some 
distance from its base and measures its angle of elevation 
as 60°. He then moves back a distance of 100 metres along a line 
connecting the base of the tower to his current position and 
measures the angle of elevation to be 45*. Assume that the 
student's height is 1.75 metres. Find the height of the tower. 


A machine is bought by a company for Rs. 8000. It depreciates in 
value by 2096 each year based on its current value. Thus,in the 
first year depreciation is 8000 x .2 = 1600. In the second year it is 
(8000 — 1600) х.2 = 1280 and so on. Find the value of the 
machine at the end of 5 years. If the net profit from the machine is 
Rs. 3000/- per year, is it better to invest Rs. 8000/- in a bank 
paying 15% interest compounded annually or buy the machine? 


vh 


Odê o нуу 


He Jaq "(0006 2A 
gus deaf рай 
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Accumulator: А register in the computers processor where агими 
perations are performed and results are stored 


Ada: А computer language being standardised by US defence department for 
mplex command and control applications 

Address: A unique identification of a location in memory 

Algol: A computer language standardised by an international committee 
Algorithmic language) it is mainly used to program numerica 
applications. 

Algorithm: A finite sequence of precise and unambiguous instructions to solve 
a problem 

ALU: Arithmetic Logic Unit of a computer which is used to perform агт 
and logic operations 

ASCII: American Standard Code for Information Interchange. This code is а 
string of seven bits used to code characters 

Assembler: A program which translates an assembly language program to аз 
machine language equivalent 

Assembly Language: А low level language for programming a computer in 
which mnemonics are used to code operations and alphanumeric symbols 
are used for addresses. 

BASIC : Beginner's all-purpose symbolic instruction code. A simple high level 
language for computers. 

Base: The number of distinct symbols used to represent numbers in a system for 
enumeration 

Binary: One of two possibilities 

Binary coded decimal: A representation of decimal digits which uses à 
unique string of 4 bits to represent each digit 

Bit: A binary digit which is either 0 or 1 

Boolean algebra: ^n algebra {0 check the logical consistency of propositions 
which are either true or false and to simplify such propositions. 
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Boolean variable: A variable which can assume a value true or false. 

Byte: A group of eight bits used to represent characters. 

Chain Printer: A printer to output results from a computer in which the 
characters to be printed are embossed on a chain or band. The chain is 
fashioned as a loop and print heads are activated to print specified 
characters. 

COBOL: Common business oriented language. A high level language used for 
business data processing. 

Compiler: A system program to translate a high level language program to 
machine language. 

Computer: This is a machine which executes an algorithm stored in its memory 
to process data fed to it and produces the required results. 

CPU: Central Processing Unit of a computer. It consists of circuits to perform 
arithmetic and logic and also has circuits to control and coordinate the 


functioning of the memory and 1/О units of a computer (Also known as 
Processor). 


Daisy Wheel: A plastic or metal disk on whose edge characters are embossed. 
The disk is used in a typewriter-like printer. The daisy wheels are 
interchangeable and they give excellent quality prints. 

Data Entry Unit: A system with a keyboard to enter data and a magnetic 
medium such as a floppy disk or cassette tape to store the entered data. 

Disk memory: A backup or peripheral memory in which information is stored 
as magnetised spots on the surface of disks coated with magnetic material. 
In hard disk the disks are not flexible. In floppy disks the disk is a circular 
platter made of flexible magnetic coated plastic. 


Drum Printer: A printer to output results from a computer. The characters are 
embossed on a drum. 


Fifth generation computers: Thesc computers are expected to be 
introduced by 1990. It is conjectured that they will use a large number of 
Processors working concurrently and independently. Simpler program- 


ming languages and knowledge based system implementations are 
expected in this generation. 


First generation computers: Computers built between 1947 and 1958 
which used vacuum tubes. Programming was in assembly language. 
File: A collection of records relating to an object such as stores, personnel, user 

programs etc. 


Floppy disk: A circular magnetic disk made of flexible plastic coated with 
magnetic material. 


Flowchart: A pictorial representation of a computational procedure. 


FORTRAN: Formula translation, a high level language used for scientific and 
engineering calculations, 
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Fourth generation computers: Computers built between 1976 and now. 
They use large scale integrated circuits, semiconductor memories and 
powerful high level languages and operating systems. 

Full adder: An adder which adds three binary digits and outputs a result bit and 
a carry bit 

Half adder: An adder which adds two bits and gives the result bit and the 
overflow bit (if any). 

Hexadecimal system: A number system using 16 as base. The 16 symbols in 
this system are 0 to 9 and A, B, C, D, Е, Е. 

High level languages: Computer languages each of whose statements are 
translated into many machine language statements. 

IC : Integrated circuit. An electronic circuit fabricated on a single chip of 
silicon. 

Input unit: A part of a computer used to feed programs and data to it. 

Instruction: A command or order given to a computer. It normally consists of 
a code to indicate the operation to be performed and address (es) in memory 
where the operand(s) would be found. 

Instruction register: A register in CPU which is used to store an 
instruction. 

Interpreter: A translator which translates a statement of a high level 
language to machine language and immediately executes it. 

ГО units: Input/output units of a computer. 

Light pen: A pen shaped device which has a lens assembly. It is pointed 
towards an image displayed on a cathode ray screen anu picks up light and 
determines the position of the image element picked up. 

LSI: A large scale integrated circuit. An electronic circuit with about 1000 
transistors fabricated on a silicon chip. 

Machine independent language: A high level programming language 
which is designed to be used with a variety of computers. 

A language which uses numeric codes to represent 


Machine language: 
75 s of operands, Each model of a computer 


operations and numeric addresse 
has a unique machine language. 

Machine readable form: Information 
connected to a computer. 

Memory: An organized collection of memo 
programs in a computer. 

Memory cell: A circuit which can st: 
would store a 0 or a 1. 

Object program : The machine language prog 
translation of a user program. 

Octal system: A number system whose base is 8. 


which can be read by input devices 
ry cells used to store data and 
ore information. А binary memory cell 


ram resulting from the 


On-line system: A computer system which has terminals connected to it and 
allows direct access to user files from terminals. The files are updated as 
Soon as a transaction is completed. 

Operation code: A group of bits used to represent operations to be performed 
by a CPU. 

Output unit: A unit of a computer used to print or dispiay computed results. | 

Pascal: A high level programming language named after Blaise Pascal. Used 
for a variety of applications, particularly suitable for non-numeric 
programming. 

Printer: An output unit to print the results of computation. Line printers print 
one full line at a time using a character chain or drum. Character printers 
print one character at a time serially. 

Processor: A unit-of a computer which interprets instructions, executes them 
using arithmetic and logic circuits and controls the operation of all the other 
units of the computer (also known as CPU). 

Program: An algorithm: expressed using a precise notation which can be 

> executed by a computer. 

Program Counter : Also called PC. A register in CPU which stores the address | 
of the next instruction to be carried out by it. 

Programming language: A precise notation (with precisely specified syntax _ 
and semantic rules) to express algorithms. 

Radix: The number of distinct symbols used to represent numbers in a system - 
for enumeration (same as base). 

Real-time system: A system in which а computer is used to control a physical | 
System operating independently. The time taken to compute should match | 
the needs of the physical system. 

Record: A collection of related items of data treated as one unit. 

Refresh display: A cathode ray tube in which displayed images are to be 
repetitively displayed 30 to 60 times per second to perceive a stationary 
image. 

Register: A serially interconnected group of memory cells. у 

Second generation computer: Computers built during the period1959—65 | 
which used transistors in CPU, used magnetic core main memories and 
used high level languages FORTRAN and COBOL for programming. 

Software: Programs for a computer. 

Source program: A program written in a symbolic or high level language. 

Stored program computer: A computer in which the program to solve a 
problem and the necessary data are stored in its memory. 

System software: General Programs written for a computer which provide ап | 
environment to facilitate the writing of application programs. 
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Third generation computer: Computer built between 1966 and 76 which 
used integrated circuits in CPU, high speed magnetic core main memories, 
powerful high level languages and saw the advent of time sharing operating 
system. 

Transistor: An electronic controlled switch fabricated using a semi-conductor. 

Truth table : A table which gives the input/output relationship of a logic 
circuit. 

Video terminal: Ап I/O device which consists of a television tube for 
presenting output and a keyboard for entering inputs. 

Word processor : А computer program which facilitates the creation of well 
formatted neat looking reports, 


1 
| 


a 
|| 


СНАРТЕК 1 
СОМРОТЕВ$ 
11  Acomputer is an electronic machine that helps us solve problems. 


12 Computers are used in science, engineering, business, industry, education, 
transportation, banking, word processing, fine arts and medicine to name a 
few. They can be used in almost all fields depending on the innovative abilities 
of users. 


13 The knitting example has been given to illustrate that by using a small set of 
basic instructions and combining them in a precise manner we would be able to 
knit a large number of different patterns. This example has been chosen to 
bring out the point that by combining a few basic type of instructions in precise 
sequences a computer can solve a large variety of problems. 


14 Step 1: Count the number of lines in the passage. Let the number be х. 
Step 2: Write Number of Vowels — 0 
Step 3: Read line character by character. If a character is A, E, I, О, U or 
a,e,i,o,u add 1 to the number of vowels. 
Step 4: Repeat step 3 until end of passage is reached. 
Step 5: Average no. of vowels 


Total number of vowels 
Number of lines (x) 


Step 6: Write down average number of vowels per line 
Step 7: Stop 

15 Computers can work automatically without human intervention; they work at 
a very high speed; they calculate without making any errors in arithmetic; they 
can do a job repeatedly; they can store large amounts of data; they carry out 
instructions given to them obediently without making mistakes. 

16 Computers cannot think; they do not have any common sense; they are 
dependent on human beings for getting instructions. 


CHAPTER 2 
MAN AND MACHINE 


It is essential to write a detailed step-by-step procedure for preparing a bill of 
sale for a novice as he is not familiar with the procedure for billing, namely, 
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steps like taking the list from the customer, checking the availability of items, 
noting the price etc. If he does not know the proper procedure he will make 
mistakes or always depend on the owner to give him the instructions. 


Refer to sec. 2.2 


If a customer has asked for 30 kgs. of rice and there are only 15 kgs. of rice 
available in the shop, then : 


i) set aside 15 kgs. of rice 

ii) write ‘p’ against the item name in the customer list 
iii) write “о” in the catalogue in the column ‘quantity in stock’ 
iv) calculate the price for only 15 kgs. of rice 


Each character of item name in customer list starting from the left most 
character must match the corresponding character in the catalogue. For 
example the name SUGAR in customer list is matched with the name in the 
catalogue as shown below : 


item name in list — SUGAR 


222 


catalogue name т list — SUGAR 
Exact match is necessary to establish that they are identical. If for example all 
except one character of COFFEE and TOFFEE match, the assistant will 
supply COFFEE instead of TOFFEE though the customer might have meant 
TOFFEE. 


No. The sequence of instructions does not vary. 


A shop assistant first reads the instructions; while following the instructions he 
reads the data. He matches the item name in list with that in the catalogue. He 
calculates the cost of items. He then adds up the totals and calculates the grand 
total and submits the bill to the customer. He hands over the items to the 
customer. 
i) Input Unit — Reads instructions and data 
ii) Memory — Stores (memorises) instructions 
iii) Central Processing Unit — Calculates; matches characters 
iv) Output Unit — Prints bill 
i) Input unit reads the list of instructions and data 
ii) Memory stores the instructions, data and intermediate results | 
її) Central processing unit comprises of a Control and an Arithmetic and 
Logic Unit. The Control unit interprets the instructions one-by-one and 
directs the other units. The arithmetic and logic unit performs the 


calculations and takes logical decisions. \ 
iv) The output unit writes out the results of the calculations 
The Central Processing Unit comprises of CONTROL UNIT and 
ARITHMETIC and LOGIC UNIT. 
Input unit is similar to our ‘eyes’ and ‘ears’. 
A comparison is drawn between the human brain and the memory because 
both have the capacity of registering and storing information. 
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CONTROL UNIT. 


The Arithmetic and Logic unit like our forebrain performs higher mental 
functions like calculations, logical reasoning etc. 


Procedure to make a cup of Tea 


Step 1: Keep the following materials ready: 
Stove, match box, kettle, teapot, tea strainer, teaspoon, water, 
milk (2 tablespoons), tealeaves (1 teaspoon), sugar (1 teaspoon) 

Step 2: In a kettle pour one cup of water; light the stove; put the kettle on 
the stove; bring it to boil 

Step 3: Put one teaspoon of tea leaves in the teapot 

Step 4: Pour boiling water on tea leaves; close the lid 

Step 5: Ша small vessel heat the milk 

Step 6: Strain the tea into the teacup 

Step 7: Add hot milk 

Step 8: Add sugar 

Step 9: Mix well 

Step 10: Serve 

Procedure to brush teeth 

Step 1: Take brush from shelf 

Step 2: Open tap 

Step 3: Rinse mouth 

Step 4: Wet brush 

Step 5: Close tap 

Step 6: Apply tooth paste on brush 

Step 7: Brush teeth 

Step 8: Open tap 

Step 9: Rinse mouth 

Step 10: Clean brush 

Step 11: Close tap 

Step 12: Put back brush 

Step 13: Stop. 


Step 1 
Step 2: 
Step 3: 
Step 4: 
Step 5 


Step 


6 
Step 7: 
Step 8: 

9 
0 


Step 12 : 


m 1З; 


Procedure to polish your shoes 


Keep ready shoes, shoe polish, old rag, brush, shoeshine cloth 
Take left shoe 


Remove the shoe lace 

Wipe the shoe clean with the rag ^ 
Take some polish on a small piece of cloth. Rub on the shoe. Put it 
away 

Take the right shoe 

Repeat steps 3 to 5 

Take the left shoe 

Take the brush and rub the shoe 

Take the shoeshine cloth and rub the shoe till it shines. Put the 
lace. Keep it aside 

Take the right shoe 

Repeat the steps 9 and 10 

Stop. 


l 
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2.17 Procedure for selling different types of cloth 


Let us assume that the shop assistant has to sell 4 different varieties of cloth 
to one customer. 
Step 1: Get the list from the customer (List ‘A’) 


Item Cloth type Quantity 
1 Cushion cover cloth 27 metres 
2 Curtain cloth with prints 50 metres 
3 Kora cloth for lining 45 metres 
4 Rubia 2/2 for Blouse 80 cms 
LIST ‘A’ 
Step 2: Read the name of the first item. Ask the customer what type of cloth 
he wants and his price range. 


Step 3: Look up the shop price list which has the name, type of cloth, quantity 
of cloth available and price per metre (shop list—List 'B') 

Step 4: Show the customer the type of cloth available as per his specification 
for cushion cover 


Item Cloth type Price per metre 
No. in Rs. 
ا‎ раа EE 
ds Handloom Plain C 26.00 
2; Handloom Fine В 29.00 
3 Handloom Superfine A 33.00 
ES АСЫ 
8. Printed cotton silk finish 
(Apsara) 33.00 
9; Printed cotton satin finish 
(Urvashi) 45.00 


=e ор ево 
12, Rubia 1/2 
13. Rubia 2/2 


ж з еа 
17. Rubia Polyester 


24 LÀ y; QE d 


34. Longcloth 
ES Longe da ap NE 
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Step 5: Check whether you have enough material to give to the 
customer a 

Step 6: If you have enough material of the type he wants measure out the 
quantity in metre(s); cut the material; set aside i 

Step 7: If you do not have enough material then show him alternate 
material in which you have sufficient stock 22 

Step 8: If the customer is satisfied with the material in (step 7) cut enough 
material; set aside 

Step 9: Repeat steps 1 to 8 for every item in the customer's list until all the | 
items are taken care of 

Step 10: Prepare the bill for the customer. Enter name of customer, date of — 
purchase, particulars of item, quantity, price, amount for each 
item. Add up the amounts to make up the total amount. 


LOVELACE international 


Bangalore-560 012 
Tel : 354222 
Name of the customer 
D. Raj 
2201.1.Т, 
Вапдаюге-14 
Сазһ Мето №. Date: 14.6.86 
uar. c Саялы амын c A EN MEE ҰЗАЙ 
No. Particulars Qty Rate of metre Amount 
in metres Rs. Ps. Rs. Ps. 
11; Handloom 27 29.00 783.00 
Fine B 
2: Silk 50 33.00 1650.00 
(Apsara) 
KORA 45 6.50 292.50 
4. Rubia 2/2 0.80 33.00 26.40 
Grand Total 2751.90 
Re 


BILL 


Step 11: Handover the items and the bill to the customer. 
2.18 Procedure to fill a bucket with water 


Step 1: Keepan empty bucket under the tap 
Step 2: Open the tap so that the water falls inside the bucket 
Step 3: Keep watching till the bucket is nearly full 
Step 4: Close tap partially 
Step 5: Wait till the water level comes to the brim 
6 : Close the tap. 
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CHAPTER 3 
UNITS OF A COMPUTER 


The input unit is used to read instructions and data into a computer's memory. 


When we press a key on the keyboard, the electronic circuit of the keyboard 
sends a series of electrical pulses to the computer. The pattern of the pulses is 
unique and depends on which key was pressed. This pattern is used to code 
the character corresponding to the key. The computer receives this code, 
interprets it and displays the character on the screen. 


A video display unit is like a television screen. It is generally attached to a 
computer keyboard. 
It can serve as an input unit as well as an output unit. 


The memory unit of a computer stores instructions for solvinga problem, data 
to be processed, intermediate results and the final result until they are 
displayed. 

The memory unit can be thought of as a unit consisting of boxes. Eachof these 
boxes has a unique label called an address. 


The Central Processing Unitis the unit in which the actual processing of data is 
carried out. 


The parts of the Central Processing Unit are Control Unit and Arithmetic- 
Logic Unit. 

The Control Unit controls the operations of all the units ofacomputer. It takes 
the instructions from memory (one by one), interprets them and co-ordinates 
the other units for carrying out those instructions. 

Arithmetic and Logic unit performs a number of arithmetic operations such as 
addition, subtraction, multiplication and division. Logic unit is used to compare 
numbers, letters etc., and take decisions. 

An output unit presents the solution of problems solved by a computer ina 
form which can be understood by a user. 


Commonly used output units are 
i) Alphanumeric display units 
ii) Printers 

iii) Graphic display units 


We have to first write down the steps 
Problem: Add two numbers and print the result 


READ X 

READ Y 

ADD X TO Y 

STORE ANSWER IN 2 
PRINT Z 

STOP 

DATA 8,9 
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When the program is fed into the computer the following steps are carried out: 


1. First the input unit reads the instructions and stores them in the memory 
unit. 


2. The Control Unit reads the first instruction 
READ X 


Interprets the instruction, orders the input unit to READ X, the first 
number of Data (8), and store it in a box labelled X in memory 


X 


3. The Control Unit then reads the next instruction READ Y and orders the 
input unit to read the next number (9), and store it in a box labelled Y in 


не [5] 
х Y 


4. The Control unit then reads the next instruction ADD X TO Y and 
interprets it. As an addition is involved it orders the Arithmetic Logic Unit 
to bring the numbers stored in memory boxes labelled X and Y from the 
memory to the ALU and add them. The result is kept in ALU. 


5. The Control Unit then reads the next instruction STORE ANSWER IN Z. 
It orders the ALU to send the answer namely (8+ 9= 17) to the memory 


and store in a box labelled Z 
[9] 


AU Y 2 


6. After this step the Control Unit reads the next instruction ‘PRINT Z’. It 


directs the output unit to bring the number stored in the memory in box 
labelled Z (here 17) and print it. 


7. Lastly the Control Unit reads the instruction STOP and stops all the 
Operations. 


When a large quantity of data is to be stored and processed Буа computer the 
space in the main memory may not be sufficient and hence auxiliary memory is 
required. Auxiliary memory is also known as a secondary memory. 


A floppy disk is an auxiliary memory device. It resembles a 45 rpm phonograph 
record and is made of flexible magnetic material. 

Floppy disk has concentric tracks similar to those on a record. Information is 
recorded on these tracks by means of a recording head as magnetized dots. 
The floppy disk looks like a 45 rpm phonograph record; it has concentric 
tracks like the record; it spins like a record. 


It is different from a record in that information can be recorded on it bya 
user and also erased. The computer can read the data from the disk or ‘write’ 
on it. 


The disk is flexible. It is inserted in the disk drive with the cardboard cover. 


> 
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Magnetic tape is a device on which instructions and data are stored. It is a 
plastic ribbon (0.5 inches wide) coated with an iron oxide material. It is wound 
ona reel. It is mounted on a tape drive mechanism when it is to be read or when 
it is to record data. 


The data we feed in are recorded as magnetic spots on the surface of the 
magnetic tape. 

The magnetic tape can store a lot of information; it is very compact; it is easy to 
transport; we can carry out corrections by ‘writing over’ the information which 
is already there. 


Cassette tapes function as auxiliary memory device. We can store a program 
on a cassette and load it into the machine. 


Cassette tapes are inexpensive and can be used in home computers. 
Yes 
Yes—as a video display terminal for input and output. 


Input unit is used to feed instructions and data to a computer. Instructions 
and/or data can be stored on a floppy disk. A floppy disk drive can be 
connected as an input unit and the data/instructions on disk can be read into 
the memory. 

Data entry device is a machine using which data can be manually entered and 
recorded on a computer readable medium such as a floppy disk. 


Yes 
Yes if the amount of data is small. 


CHAPTER 4 
MORE ON INPUT/OUTPUT UNITS 


Keyboard with a video display unit, floppy disk, magnetic tape, DEM 
character recognition (MICR), optical mark reader, optical character reader, 


bar code reader. 


i i f data entry. 
netic characters saves time, ensures accuracy о! 
The a О d without the need to enter them 


The data on cheques can be directly rea 
manually. 
Optical mark readers can be used to read: 


Objective type answer papers, 
Survey questionnaires, 

Order forms, 

Time sheets of factory employees. 


The bar code on the item being unique helps in the identification of the product. 
Also it is helpful in reading the precoded prices of items. 
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45 Video terminals, printers, microfilms and graphic display devices. 


46 Line printers, dot matrix character printers, daisy wheel letter quality printers, 
laser printers. 


47 Aline printer prints one line at a time. Character printer prints one character at 
a time. 

48 The chains сап be changed. So a variety of fonts and different scripts can be 
used with the same printer. 


4.9 The daisy wheel printer produces excellent quality of prints. The wheels are 
also interchangeable. We can mount one of a variety of wheels depending on 
the type of printing required. 


410 The output from the computer is displayed on a high resolution cathode ray 
tube. This is photographed on a 35 mm film. 


4.11 К іѕ easier to read a microfiche using a microfiche reader. It is easy to mail the 
microfiche between locations. 


412 Video terminals capable of displaying araphs and pictorial data are used for 
displaying graphical output. 


CHAPTER 5 


FLOWCHARTS 


5.1 A flowchart is a picture or a diagram which helps us define a procedure for 
solving a problem. It is called а flowchart since it shows the logical flow of 
operations in various steps. 


5.2 See point 3 of summary. 


5.11 We have to find the largest of three numbers A,B,C. We have to first compare 
the two numbers A and B. If A is larger than B then we compare A with C. If in 
the second comparison also A is larger then A is the largest number. If C is 
larger than A then C is the largest number. 


If in the comparison B is larger then we compare B with C. If B is larger 
than C also then Bis the largest number. If in the comparison of Band C, C is 
larger than B, then C is the largest number. 


Step 1: Input numbers A, БАС 

Step 2: If AB go to step 3. 
Otherwise go to Step 5. 

Step 3: If A> C then print “А largest". 
Otherwise print “С largest". 

Step 4: Stop 

Step 5: If B >C then print “В largest." 
Othewise print “С largest." 

Step 6: Stop. 
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Step 
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PROBLEM SOLVING WITH COMPUTERS 


1: Опа slip of paper write 

с ЙЕН НЕШ СИНЕН М a 
40 w Bulb — 0 

2: Pickupa bulb 

3: See the wattage 
IF it is 40 then go to step 4 
ELSE go to step 5 

4: Add 1 to 40 w Bulb 


و و 
w Bulb <— 40 w Bulb + 1‏ 40 


5: Are there any more bulbs left? 

IF Yes then go to step 2 (i.e., continue) 
ELSE до to step 6 

Print the count of 40 w Bulb 

Stop. 


у © 


Print 
No. of 40W bulbs 
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63 Tracing the flowchart of Exercise 6.2 
Input data 40 w, 60 w, 100 w, 40 w, 60 w, 40 w 


40 w Bub = 0 40 w, 60 w, 100 w, 40 w, 
60 w, 40 w 


Pick up Bulb 
Is it 40 w Bulb? 


Yes 40 w Bulb = 0 + 1 60 w, 100 w, 40 w, 60 w, 40 w 


Pick up Bulb 
Is it 40 w Bulb? 


No 40 w Bulb = 1 100 w, 40 w, 60 w, 40 w 


Pick up Bulb 
Is it 40 w Bulb? 


No 40 w Bulb = 1 40 w, 60 w, 40 w 


Pick up Bulb 
Is it 40 w Bulb? 


Yes40wBulb=1+1=2 60w,40w 


Pick up Bulb 
Is it 40 w Bulb? 


No 40 w Bulb = 2 


8 
= 


Pick up Bulb 


Is it 40 w Bulb? 


Yes40w Bulb = 2+ 1-3 Nil 
Any more bulbs left? 


No Stop 


64 Step-by-step procedure for desk quotations 
(a) Finding minimum quotations, serial numbers 


Step 1: Read the first quotation serial number, quotation amount 
Step 2: Call this minimum quotation serial number (MQSN), minimum 
quotation amount (MQA) | 


Step 3: Read the next quotation serial number and amount 
Step 4: IF the quotation serial number is 0, go to step 7. ELSE continue 
Step 5: IF the quotation amount of this quotationis less than the quotation 


amount of the MQA then replace MQA by this quotation amount; 
replace MSQN by this quotation serial number. 

ELSE (otherwise) do not disturb the minimum quotation 
amount and minimum quotation serial number. 


65 


Step 6: 
Step 7: 
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Go to step 3 (і.е.,) Read next quotation serial number 
The last values in MQA and MQSN give the required results 


(b) Finding total number of such quotations. 


Knowing the minimum quotation amount її 15 easy to find all 
other quotations with this amount and their serial number using the 
following procedure. Before starting the procedure all quotations are 
gathered together. The end of quotations is signified with a slip with 


serial No. = 0. 
Step 1: Let minimum no. of quotations «—— 0 
Step 2: Read a quotation 
IF quotation No. = 0 go to step 7 
ELSE go to step 3 
Step 3: Is quotation amount = MQA 
(found in last procedure) ? 
IF yes then go to step 4 
ELSE go to step 2 
Step 4: №. of minimum quotations<—No. of min. quotations t1; 
Step 5: Print serial no. of quotation 
Step 6: Goto step2 
Step 7: Print no. of minimum quotations 
Remarks: In step 4 the serial no. of each quotation which is equal to the 


minimum quotation is printed. In the last step the total number of 
such quotations is printed. 


Reassembie aii Qs 


-- 
Read 
QSerial No., Ч. Amt 


No, of Min Qe— 
No. of MinQ + 1 


(b) 
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TRACE OF FLOWCHART P6.5 (a) 
Input 


ا 


Serial No. 1 2 3 6 0 
Amount 125 100 80 80 100 0 


Step in Serial Minimum Branch 


Flowchart No. of Amount quotation of Output 


being quotation amount decision 


executed box 


ВА О MR C ООО 


1 1 125 — 

2 1 125 125 

3 2 100 125 

4 2 100 125 No 
5 2 100 125 Yes 
6 2 100 100 

3 3 80 100 

4 3 80 100 No 
5 3 80 100 Yes 
6 3 80 80 

3 4 90 80 

4 4 90 80 No 
5 4 90 80 Мо 
3 5 80 80 

4 5 80 80 Мо 
5 5 80 80 Мо 
3 6 100 80 

4 6 100 80 Мо 
5 6 100 80 Мо 
3 0 80 Yes 
7 0 


80 = Print 80 
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TRACE OF FLOW CHART Р6.5 (b) 
Step 8: Reassemble quotations 


MM 


Serial No. 1 2 3 E 5 6 


Sena iO. اک ا‎ —— 


Amount 125 100 80 90 80 100 
Minimum quote = 80 (from 6.5.1) 


ee ae E E TET 
Step in flow- No. of Quotation Quotation Outcome of Риме 
chart being Minimum Serial Amount decision box output 
executed quotation No. 

9 0 — = zed =^ 

10 0 1 125 = 4 

11 0 1 125 No — 

12 0 1 125 No = 

10 0 2 100 — cH 

11 0 2 100 No — 

12 0 2 100 No = 

10 0 3 80 а y 

11 0 3 80 Мо = 

12 0 3 80 Yes — 

13 0 3 80 Yes Sl. No. 3 

14 1 3 = "T $ 

10 1 4 % y as 

11 1 4 90 No = 

12 1 4 90 Мо m 

10 1 5 T E. Җ 

11 1 5 80 Мо = 

s 1 5 80 Yes Es 

i 1 5 80 Yes 91. №.5 

14 2 + > " i 

10 2 6 100 т ©; 

ii 2 6 100 No 2 

D 2 is 100 No E 

10 2 А е т T 

H 2 0 0 Yes t 

0 9 E б 
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6.7 Procedure to count vowelsin a passage 


Step 1:  Lettheinitial vowel count be 0 
Vowelcount = 0 

Step 2: Read a character 

Step 3: Is it any of these characters? 
A,E,L,O,U, a,e,i,o,u 


Step 4: IF yes go to step 6. ELSE continue 
Step 5: Isit end of passage? 

IF yes, go to step 8 

ELSE go to step 2 
Step 6: Vowel count = Vowel count + 1 
Step 7: Goto step2 
Step 8: Print Vowel count 
Step 9: Stop. 


68 


69 Tracing the flowchart for Exercise 6.7 
Assumption : A sentence is ended by a. or a? 
Sample sentence : Can a machine think? 


Box in Action Vowel count Contents in memory box 


С; 0 Сап a machine think? 
1 Set Vowel count = 0 0 zy 
2 Read a character 0 an a machine think? 
ie. (C) 
3 Is it A, E, I, O, U 
а, e,i, оц? 0 


Answer — No 


bl 


ome NE шшш ыш с сс 


5 Is it end of passage? 
Answer — No 
2 Read a character 
3 Is it AEIOU 
aeiou? 
ы — Yes) С СОВЕ С леа. 
4 Vowel count = 
Vowel count +1 0+1=1 ma machine think? 
2 Read a character (n) 1 n a machine think? 
3 Is it A, E, I, OU 
a, e,i, o, u? 1 a machine think? 
5 Is it end of passage? à 
2 Read a character 1 a machine think? 
(blank) 
3 Is it A, E, I, O, U 1 a machine think? 
a,e,i,o, u? 
Answer — No. 
5 15 it end of passage? 1 a machine think? 
Answer — No 
2 Read a character (a) 1 machine think? 
3 Is it A, E, I, O, U 1 machine think? 
a, e,i о,и? 
Answer — Yes 
4 Vowel count = 14122 machine think? 
Vowel count + 1 
2 Read a character (blank) 2 machine think? 
3 Is it A, E, 1, O, U 2 machine think? 
a, e,i ou? 
5 Is it end of passage? 2 machine think? 
Answer — No 
2 Read a character (m) 2 machine think? 
3 Is it A, E, БО, U Ў -— 


a, e, i, 0, u? 
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5 Is it end of passage? 
Answer — No 2 achine think? 
2 Red a character (a) 2 achine think? 
3 Is it A, E, I, O, U 
a, e, i, o, u? 2 chine think? 
Answer — Yes 
4 Vowel count 
= Vowel count + 1 2+1 =3 chine think? 
2 Read a character (c) 3 chine think? 
3 Is it A, E, I, O, U 3 hine think? 
а,е,і,о,ш? 
Answer — Мо 
5 Is it end of passage? 3 hine think? 


Answer — No 
2 Read a character (h) 3 hine think? 
OM DM x cs “ешм os 


3 Is it A, Е, I, O, U 3 ine think? 
а, е, і, о, ц? 
Answer — No 
5 Is it end of passage? 3 ine think? 
Answer — No 
2 Read a character (i) 3 ine think? 
3 Is it A, E, I, O, U 3 ne think? 
a, е, і, о, ц? 


Answer — Yes 


4 Vowel count 3+1=4  nethink? 
= Vowel count + 1 


2 Read a character (n) 4 ne think? 
3 Is it A, E, I, OU 4 e think? 
а, ei о, u? 
Answer — No 


i c ООН £f 


5 Is it end of passage? 4 e think? 
Answer — No 


2 Read a character (e) 7% e think? 
3 Is it A, E, I, O, U 4 think? 
a, e, i, о, и? 
Answer — Yes 
4 Vowel count 4+1=5 ' think? ТЫ 
= Vowel count + 1 
2 Read a character (blank) 5 think? 
e CERE (9 Tees 
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3 Is it A, E, I, O, U 5 think? 
a, e, i, o, и? 
Answer — No 


5 Is it end of passage? 5 think? 
Answer — No 

2 Read a character (t) 5 think? 

3 Is it A, E, I, O, U 5 hink? 


a, e, i, 0, u? 
Answer — No 


5 Is it end of passage? 5 hink? 
Answer — No 

2 Read a character (h) 5 hink? 

3 Is it A, E, I, O, U 5 ink? 


a, e, i, o, и? 


Answer — No 


5 Is it end of passage? 5 ink? 
Answer — No 

2 Read a character (i) 5 ink? 

3 Is it A, E, I, O, U 


a, e, i, 0, и? 5 nk? 


4 Vowel count 
= Vowel count + 1 541-26 nk? 
2 Read a character (n) 6 nk? 
3 Is it A, E, I, O, U 6 k? 
а, e,i,0, u? 
Answer — No 
5 Is it end of passage? 6 k? 
Answer — No 
CHANT 2 
2 Read a character (К) 6 k? 
à. ү. ? 
3 Is it A, E, 1, O, U 6 4 
a, e,i, 0, и ? 
Ш ЖЛ ОГ — 
5 ? 
5 Is it end of passage? 6 ? 


Answer — № 
2 e ? 
2 Read a character (?) 6 ? 
3 Is it A, Е, БО, U 6 72 
a, e, i, 0, Ч ? 


Answer — No uA ER 


ل 
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5 Is it end of passage? 6 

Answer — Yes 
6 Print Vowel Count 6 

PRINT 6 
и. 3 
7 Stop 


= —— M ыы... по 
Check: Can a machine think? 
LOLs EDL 6 
Vowels = 6 
6.10 Step by step procedure to calculate library fine. 


Step: 1 Таке a library book. Check how many days late return. 
Let no. of days be N 


Step:2 [ЕМ = 5 then go to step 4. 


ELSE go to step 3 

Step : 3 If N € 10 then go to step 5. 
ELSE go to step 6 

Step:4 Fine = 10 paise X М 
Print Fine 
Stop 

Step:5 Fine = 50 + (N —5) *25 
Print Fine 
Stop 

Step:6 Fine = 175 + (N — 10) *50 

Step:7 Print Fine 

Step:8 Stop 

6.11 o 


1 Take a book. 
N is №. of days late 


6.12 Tracing the flowchart of Exercise 6.11 


Slip No. 13 2 3 " 5 < 5 
wem "Шуан Lm 3 G 
Step in N FINE ж 
flow chart Result 
2 0 = E 
> е 0 Nes 
4 0 0 23 
5 0 0 F 5 
11 № и еқ ы 
2 2 = " = 
5 2 АА Yes inis 
4 3 10 E = 
З 2 10 P" 10 
2 2 um Е сє 
3 - - Yes Ж: 
4 5 50 af. л 
5 5 50 CE 50 
11 5 50 No via 
2 7 50 - = 
3 7 50 No 5 
6 7 50 Yes E 
7 7 50 + 50 = 100 EE m 
9 7 100 - 100 
H 7 100 No 3 
2 10 100 ж. «A 
3 10 100 № x 
6 10 100 Yes a 
d 10 125 2: = 
9 10 175 =. 175 
11 10 175 Мо 7 
2 10 175 is. i 
3 12 175 No 9 
6 12 175 No E 
8 12 275 Ра bes 
10 12 275 - 275 


6.13 Procedure to find all possible combination of 10 paise, 25 paise and 50 paise 


coins which will add up to a rupee. 

Let us assume that we have a bunch of coins consisting of 50 paise, 25 
paise, 10 paise coins. From that we have to pick up coins to add up to 100 
paise. 
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Letp = No. of 50 paise coins 
а = No. of 25 paise coins 
т = No. of 10 paise coins 


Then problem is to find all integer values of p, 9, r which will satisfy the 
equation: 


p.50 + а. 25 + г. 10 = 100 


Procedure: 
Step:1 Letq=r=0 
р = 100/50 = 2. Рт» = 2 
(p= 2, q = г = 0) is a solution 
Step:2 Letp-r-0 
q = 100/25 = 4 + а, = 4 
(p= 0, q= 4, r = is a solution 
Step:3 Letp=q=0 
r = 100/10 = 10. rmax 10 
(p= 0, q= 0, r = 10) is a solution 


Remarks : We have to now find other values of p,q,r within the bounds 

found in steps 1, 2, 3 
Step 4: Letp=landq=0 

г = 50/10 = 5 

(p = 1, q= 0, г = 5) is a solution 
Step 5: Letp=landq=1 

r X 10 = 100 — 75 — 25 

r = 25/10 = 2.5 not an integer not feasible 
Step 6: Letp=1,q=2 

r= 100 — 50 — 2x 25 =0 

` (P= 1, q = 2, r = 0) is a solution 
Step 7 : Let p=0,q=1 

г = 75/10 = 7.5 

7.5 not an integer. not feasible 
Step8: Letp=0,q=2 

г = 50/10 = 5 

(р = 0, а= 2, г = 5) isa feasible solution 
Step 9: Let p= 0, а= 3, 

r — 25/10 — 2.5 not feasible 
Stepl0: p=0,q=4,r= 10 already found 


^ All sets of (p,q,r) has been tested and procedure ends 


Solutions : 
CHAPTER 7 
READING BASIC PROGRAMS 
71 A programming language is а simple notation designed to be under- 
stood by a computer. 
7.2 A procedure for solving a problem expressed in a programming language is 
known as a Computer Program. 
73 Beginner's All-Purpose Symbolic Instruction Code. 
75  Stepl: Input А (Read A) 
Step2: Input B (Read B) 
Step 3: Calculate (хан 
(1+ (2X А)) 
Store in C 
Step 4: Print C 
Step 5: Stop 
76 (1-0Х45) 1-9. —8 __ 05 
(1 + (2X 7.5)) 1+ 15 16 
78 Р N, P 
N-3 8 та Ee 3, 15 
N—1 3—1 2 
маздо эйгш ЫЙ! быт Фенг otii 4, 133 
N—1 4—1 3 
нез "a ro I. SAS 5, 125 
N—1 5—1 4 
N=6 ESE bbe Rare 6, 12 
N—1 6—1 5 


кы ee Доу = 1.36 7. 136 
Hi 7-1 6 


М- 1 No more input 
After N= 1 the computer will not take any input. So М= 6, 4 will not be accepted. 


7.10 Х=2 М=5 
9 K T 
1 1 2 
3 2 4 
7 3 8 
15 4 16 
31 5 32 
Print — $, М 
31, 5 
711 Step 1 : Input X, N 
Step 2 : Let S= 1 
Step 3: Let T= X 
Step 4 : For K starting with value 2 upto N do 
S<S+T 
T«—T*X 
Step 5 : Print S, N 
Step 6 : Stop 
7.13 Х=2 М=5 
Б] @ X K 
1 2 2 — 
3 4 2 2 
7 8 2 3 
15 16 2 4 
31 32 2 5 
5-31, М-5 


714 10-- Prints ^Hello! What is your name?" 


20 — Statement 20 will print a question mark? (and waits for us to type in 
the answer (a name)) 


30 — Prints 
"Hello...(the name given by us)" 
40 — The program comes to an end. 


7.15 


7.16 


10 — 
20 — 
30 — 


100 — 
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Prints “Which is the longest river in South India" 
Will print a question mark? (and waits for your answer) 


If you type in Kaveri then the computer will lead to statement 60 which 
will make the computer print 


Answer is right. 


If you type in some other word instead of Kaveri then the computer 
will print 


Try again 


It will lead you back to statement 20 which will print a ? mark (you have 
to type in the answer again) 


Program will end only when you give KAVERI as answer. Until then it 
will go on asking you for an answer. 


Labels a box in memory as T and stores a 1 in it. 
Prints *Give a weight in KGM" 

Prints ? mark on the screen waits for your answer 
Prints "What is it in Pounds" 

Prints ? on the screen. 


Calculates the value of Pounds by multiplying the value of kilogram by 
2.2 (P— 2.2 kg) 


If answer given by you is right then the computer goes to statement 
110. 


Prints *Good — you are right" 
Stops. 
Ends the program. 


If for the ? for statement 40 you give a wrong answer then the 
computer goes to statement 60 and prints "Wrong—try again" 


The value of number T stored in the box labelled T is incrementedby 1 
ie. it will be 1 + 1 = 2 


If the number stored in T is less than 5 then it will go back to statement 
30 and prints 


“What is it in Pounds” 
So you are given one more chance to give the answer in Pounds. 


If youare wrong youare given one more chance till the nuimber stored 
in T exceeds 5 


If at 80 the number stored in T exceeds 5 then the computer prints 
The correct answer= (the value of P) 


The program stops. 
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7.7 


7.18 
7.20 


8.1 
8.2 
8.3 
8.4 


8.5 
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130 — Тһе program ends. 
Remarks : The program gives you 5 chances to answer correctly. 


If at 2nd, 3rd or 4th attempt the answer given by you is right then the computer 
prints 


"Good you are right" (110) then goes to 120 and stops. 

If KGM = 4 and Pounds input by a student is 6 then the computer will print 
Wrong — Try again 

Good — You are right. 


Tq pc 2 
NNN бз к нн ноосоо м 
کب اي‎ & оо دن‎ һә ۸3 кз но т 
оомо ә Кә кә кз кы э су с О 


Finaly prints out 2.5.3 

This program gives a count of 

Ts 2 
Positive numbers 5 
Negative numbers 3 


CHAPTER 8 
DATA STORAGE AND REPRESENTATION 


See point 2 of Summary 

Bit is a shortened form of Binary digits — 0 and 1 

See point 7 of Summary 

А binary fraction is expressed as a sum of negative powers of 2. Toobtain the 
binary equivalent of a decimal fraction it is successively multiplied by 2. The 


multiplication is stopped when the fractional part of the product is zero. The 


integer part obtained in each stepis the bit in the binary fraction. See examples 
8.11 and 8.12. 


Binary Decimal 
001 1 
111 7 

11001 25 


110001 49 


8.6 


8.7 


8.8 
8.9 


8.10 


8.11 


8.12 


8.13 
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Binary 
10111 
101110 
110110 
100000 


375 


As the base of the Octal system is a power of 2, i.e. 2 it is easy to convert а 
binary number to its Octal equivalent. 


16 is the base of hexadecimal system. 


я >= 


Binary 
101011100101 
010111001111 
1011000001 

Binary 


0.01101 
0.11000 
0.00011 


Decimal 


0.875 
0.375 
0.300 


1010010 


1001101 


1001010 
1000001 


ARTIK 5 
1001011 
K 
1010100 
T 
0100000 
space 


SHIVA SK 


1010011 
S 
1000001 
A 
1001011 
K 


Octal 
5345 
2717 
1301 
Decimal 
0.40625 
0.75 
0.09375 
Binary 
0.111 
0.011 
0.01001 
recurring 
1000001 
A 
1001001 
1 
1010011 
S 
1001000 1001001 
H I 
0100000 1010011 
space 5 


с 
Hexadecimal 
AES 
5CF 
2С1 


1010010 
R 
1001011 
K 


1010110 
V 
0100000 
space 


an 


COMPUTER каман 
ө" 1101100 
@ 101100 
= 11100 
@ 1011 
@ 110 
- 11 
m 1000001 
(9 10010110 
@ 11110 
0 Quotient on Remainder 10 
(9 Quotient 101 Кетле" 0000 
(€) Quotient 1011 Remander 01 


ASCII Code uses 7 bits for representing each character. 
ЕВСІЯС Code uses 8 bits for representing one character 


Asti a standardised code which uses bits to uniquely represent characters in 
а computer. In addition to codes for characters ASCI also has codes for nom 
printable characters. 


Codes which are used to control peripherals such as Carriage Return, end ой 
page etc , are said to be non printable control characters. 


А string of eight bits в called a byte 
15 bytes 
15 х 8* 120 bits 
CHAPTER 9 


Logic circuits for computers are designed using two state devices. Boolean 
algebra uses variables with two states. The operators of Boolean algebra are 
directly implementable as logic circuits of computers. This is the reason for the 
use of Boolean algebra. 


See Table 9.7 


-- 


os 


To a= 


ХУ + ХЕ + ХУД - ХУ + X2 

LHS + ХҮ 0+ D+ XZ 
=Х\1+ X2 
exyexzems 


To show 

Asm + ОА. ВС 

н 

(А +В). (A +С)”АА+АС+ВА+ВС 
=А+АС+АВ+@С 


=-м1+С + 8+ ВС 
-A*BC*RHS 
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0+11=1 From Truth Table 
1+00=1 A+AB=A+B 


1.0+ 0.1 =0 


9.9 Use Truth Table 
[А |B | с | AEORB |(Акок В) кок Св (кок) С[А(ЕОВИВЕОН С) 

0 0 0 0 0 0 0 
0 0 1 0 1 1 1 
0 1 0 1 1 1 ir 
0 1 1 1 0 0 0 
1 0 0 1 1 0 1 
1 0 1 1 0 1 0 
1 1 0 0 0 1 0 
1 1 1 0 1 0 1 


Borrow 
C 


0 
1 
0 
0 


Borrow Difference | Borrow 
e D CN 


1 


А В 
Minuend Subtrahend 
0 0 


м н м н о о о 
У моон о 
кюк о но н о н о 
ноононн о 
моо о н ~ н о 
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A.C(B + B) + AB. (С + C) + (А + A).B.C. 


.B.C + AB.C 


АВС+АВС+А 
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C + ABC. + ABC + ABC. 


А.С. + AB. + B.C 


913 Truth Table for Multiplication 


D=AB. 


CN 


cocoon oroooocron 


coooocoorrononr ono са се ны Бано ої обоюн 


A2.A1.B2.B1 


+ 
с-эоэсоооэосооо--осо-о ю d 
О (8 
са сі 
< ч 
осоооооооососоосоооочя T са E 
a AE 
© а 
9 a 
¿Q < 
оноо нонНнонНноноо но нч + 3 
Геј M [ 
о 2 + 
emm сэос----оооо----і M 
« 
әэ--"Нос--оо--оосое-- T ХБ ДЕГ) 
а+ t+ < 
Ot) Sa Ge а 
сіре $£ + 
o> Ros Er ыы icd dcc 22: ей, соэоэоооосос--------і m 
ІСІ Il < 
SON rz i 
555 5 4 


оооооооотт"!"4 Hn mm 


R 


9.14 
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9.15 А semiconductor such as Silicon or Germanium 
9.16 Conductors have large number of free electrons which can move around freely 


Insulators have electrons tightly bound to the parent atoms making them poor 
conductors of electricity. 


Semiconductors have no free electrons but some electrons bound to the atom 
can be freed by applying a relatively modest voltage. 


9.17 n-type silicon has mobile electrons. They are obtained by adding small amount 
of pentavalent atoms to silicon. p-type silicon has mobile holes. They are 
obtained by adding small amount of trivalent atoms to silicon. 


9.18 See summary-point 10 
9.19 See summary-point 11 
9.20 See summary-point 11 
9.21 See summary-point 12 
9.22. See last but one para of Section 9.7 


CHAPTER 10 


INTERNAL WORKING OF A COMPUTER 


10.1 The memory of a computer consists of boxes in which instructions and data 
are stored. 


10.2 Each box has a unique identification number. We call this its address. 


10.3 Each box can be used to store an instruction to be carried out by the CPU 
or data which is to be processed. 


104 An instruction should specify — 


(i) what operation is to be carried out 
(ii) ^ where in memory the operand would be found 


10.5 
Address where Instruction 
the instruction Explanation 
is stored Operation Address 
code of operand 
и rl o 
00 --1 50 Mem(50)— 
input ] — 485 
01 — 1 51 Mem(51)-- 
input 2 = 645 ; 


02 +1 50 АСС — 485 
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03 *3 51 ACC — 485—mem (51) 
+ 485 — 645 = — 160 


04 +6 52 Mem(52) — АСС = —160 
05 —2 52 Print contents in 
Mem(52) = —160 
06 +9 00 Stop 
0 00 End 


10.6 Machine language is a language in which each instruction uses numerical 
operation code and numerical operand addresses. The machine instructions 
are designed to run on a specific model of a computer. 

10.7 A program written using the numerical operation codes of a specific computer 
and numerical operand addresses is known as a machine language program. 


10.8 Machine language program to find D = А+ B +С 


Address where Instruction 
the instruction Explanation 
is stored Operation Address 
code of operand 
—  _ 
00 271 50 Mem(50) — input А 
01 471 51 Мет(51) - input В 
02 —1 52 Mem(52) — input C 
03 +1 50 ACC -А 
04 t2 51 ACC —А+Мет (51) 
ie, А+В 
05 +2 52 АСС — АСС+Мет (52) 
ie, A+B+C 
06 +6 53 Mem(53) — ACC-D 
07 са) 53 Print Mem(53) = D 
08 +9 00 Stop 
0 00 End 


10.9 Ап accumulator is a register in the computer's processor where arithmetic 
operations are performed and results are stored. 

10.10 The instruction register is a register where an instruction t 
brought and decoded. 

10.11 A program counter is necessary to store the 
be executed. 


o be executed is 


address of the next instruction to 
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10.12 32 Op. codes 1000 memory boxes 


a) 5 digits (2 digit OP code, 3 digit address 000 to 999) 
b) 3 digits (As PC has address) 
c) 5 digit signed number (+ 9 9 9 9 9) 


10.13 IR — 825 means if ACC «0 OP code Address 
then PC — 25 8 25 
Set 
ACC = —50 
IR = 825 


As ACC < ОРС — 25 
ACC and IR unchanged 


10.14 Find smaller of two numbers 


Pelr rcc с URNA 


Address where Instruction Explanation 
instruction is | operation and 
stored address of 
operand 
A A S m P 
00 — 150 Read a number A from the input 
and store it in Mem(50) 
01 — 151 Read another number B from the 
input and store it in Mem (51) 
02 + 150 Copy into ACC contents of 
Mem(50) АСС ~ A 
03 + 351 Subtract from ACC contents of 
Mem(51) ACC — (A—B) 
04 + 807 If ACC « 0 then take next 


instruction from address 

07 of memory. ELSE take the 
instruction from address 05 

of memory (i.e., next sequential 


instruction). 
IF (А-В) < 0 go to 7 
05 — 251 Print Bas B < A 
06 + 900 Stop 
07 — 250 Print A as A < B 
Contents of Mem (50) is A 
08 + 900 Stop 
000 End 


ыы е ы”... 2. 
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10.15 ELCO program to print negative numbers only given — 1, 2, 3, —6 


Address of Instruction Action 
instruction 
00 — 160 Мет(60) = —1 
01 — 161 Мет(61) — 2 
02 — 162 Мет(62) — 3 
03 — 163 Mem(63) - —6 
04 160 ACC — Мет(60) = —1 
05 813 If ACC < 0 go to 13 
06 161 ACC - Мет(61) = 2 
07 815 If ACC < 0 go to 15 
08 162 ACC — Мет(62) 
09 817 КАСС < 040017 
10 163 ACC - Mem(63) 
11 819 If ACC < 0 go to 19 
12 900 Stop 
13 — 260 Print Mem(60) 
14 706 go to 6 
15 — 261 Print Mem(61) 
16 708 go to 8 
17 — 262 Print Mem(62) 
18 710 go to 10 
19 — 263 Print Mem(63) 
20 900 Stop 
21 000 End 


Address of Instruction Explanation 


instruction 


ОИН a MIT 


Read a number from the input and 


00 — 150 
store in Mem(50) i.e., 15 

01 — 151 Read a number from the input and 
store in Mem(51) i.e., 20 

02 — 152 Read a number from the input and 


store in Mem(52) i.e., 30 


03 + 151 Copy Мет(51) i.e., 20 


f 
04 + 352 Subtract from ACC contents o 
Mem(52) i:e., 30; (20 — 30) 


05 


07 


10 
11 
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+ 808 If ACC < 0 go to 08 (20—30 = —10) 
Otherwise next i.e., 6 (< ? Yes; go to 8) 

— 251 Print Mem(51) — Prints 20 

+ 900 Stop 

+ 653 Mem(53) — АСС = —10 
Mem(53) = —10 

— 253 Print no. Mem(53) 
Prints —10 

+ 706 Go to 6 

000 End of program 


Computer will print (1) —10 as first number, (2) 20 as second number Mem(51) 


11.1 


11.2 


11.3 
114 


115 


11.6 
11.7 


11.8 
11.9 


11.10 


CHAPTER 11 


COMPUTER SOFTWARE 


Programs, the list of instructions to be executed by a computer, are known as 
the software of a computer. 


Application software is a set of programs necessary to carry out operations for 
a specific application. 

System software are general programs written for the system. They provide 
the environment to write application programs. 
See point 2 of Summary. 


An assembly language is a language in which mnemonics are used to 
represent operation codes and strings of alphabets are used to specify 
operand addresses. 


An assembler is a program written in machine language which will read an 
assembly language program as its data and convert it into machine language 
and store it in the memory of a computer. 


One to one 
Machine independent languages are languages which do not depend upon the 


internal structure of a specified computer. They can be executed on any 
computer. 


No. Assembly language is machine dependent. 


А program written in the hígh level language is known as the source program. 
The equivalent machine language program obtained after translation is known 
as the object program. 


A high level language is a programming language which is designed 
independent of the structure of a specific computer's processor. 


11.11 


11:22 
11.13 


11.14 


11.15 


11.16 
11.17 


11.18 
11.19 
11.20 
11.21 
11.22 


11.23 


11.24 


11.25 
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Since a computer is designed to execute only its machine language program a 
high level language has to be translated into its machine language equivalent. 


See point 9 of Summary. 
A translator which translates one statement of a high level language to its 
machine language and executes it immediately is called an interpreter. 


Aninterpreter translates one statement at a time and immediately executes it. 
A translator which waits till all the statements of the source program are 
translated and then executes the object program is known as a compiler. 


Syntax rules give the precise set of arammar rules for forming words from 
characters and for forming statements from words. 


Semantics give the rules for assigning meanings to sentences which are 
grammatically correct. 


Beginners’ All-Purpose Symbolic Instruction Code 
Variable name 


Syntax Rule : A variable name consists of sequence of letters and digits. The 
first character in the sequence must be a letter. The second and subsequent 
characters must be letters or digits but not any special character. 


Exemple : 


D 


C4 


SUM 
Semantic Rule: A variable name is the label for a ‘memory box' where a 
number is stored. 
FORTRAN stands for FORmula TRANSlation 
FORTRAN is widely used for solving scientific and engineering problems. 
COBOL stands for COmmon Business Oriented Language 


COBOL is used for business data processing. 


Pascal is a programming language named after Blaise Pascal, a famous French 


mathematician. 

Pascal allows beginners to 
methods. Pascal has facilities to 
strings of characters, sets, records, files 
language for ‘non-numeric’ programming in 
of characters etc. 

SNOBOL is intended for a 
manipulating strings of characters. 


LISP is used in applications such as 
non-numeric applications requiring 


learn good problem solving and programming 
manipulate numbers, vectors, matrices, 
files and lists. Thus it is a very good 
which the data consists of strings 


pplications in text processing. It facilitates 


d ) V dar 
game playing, theorem proving and sim 
logical rather than numerical operations. 
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CHAPTER 12 
WRITING BASIC PROGRAMS 


12.1 (i) ^ 1ST—invalid— first character is not a letter 
(ii) ^ RS. 42—invalid—Full Stop (.) neither a letter nor a character 
(iv) В’ D4invalid— * isa special character 


12.2 (i) 200,000 invalid—comma not allowed 
(ii) +485 —62 invalid — more than опе sign 
(iv) 20 THOUSAND invalid—as letters are there 
(v) 30.11.84 invalid — more than one decimal point 
12.3 (i) 2А + B/A + ЗВ invalid — If multiplication was intended 2 * A,3*B 
must have been written explicitly 
() A**2-42*BC invalid — ** isnotan operator in BASIC 
12.4 (i) аЗ +2ab+ be 
= A13 + 2.0*А*В+В*С 
(i ax +b 


ax — 2b 

= (АХ + B)/(A* X- 2*B) 
(iii) b 

X (x— a) 

B/(X * (X – A)) 


(м) 2x*+3x3+ ax2 + bx + c 
=2* Х14+3*Х13+А*Х*Х+В*Х+С 


(v) (1 + хрууб 
= (1 + (X * P) t (N/6) 
= (1 + X*P)t(N/6) 


125 (i) А*А—В/А + В(А-3,В-6) 
z18 
(i) А/В/С(А-18,В-2,С-3) 
-3 
(ii) B/A12 + B(B=16, A=2) 
= 20 
(i) A/A + B(A = 4, B = 3) 
-4 


М 0*2*A/(1- 2*AJA = 25 


12.6 (ii) X+Y=P+Q 
invalid — expression not allowed on left 
(iv) P=Q=2°A+B 
invalid—because of two = symbols 
(у X=P+Q;Y=Z+R 
invalid—semicolon not allowed; also two = symbols 
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127 5 REM PRIMER EXERCISE 12.7 
10 REM THIS PROGRAM CALCULATES 
20 REM THE DIAMETER OF A CIRCLE 
30 REM AREA GIVEN 
40 INPUT “AREA”; А 
50 Р = 3.1416 
60 К = 50Е (A/P) 
70 DIAM = 2 * К 
80 PRINT “AREA = ";A,"DIAM = ";DIAM 
90 END 


12.8 (i) | INPUTA, X + Y, Zinvalid—expression not allowed 
(iii) | INPUT A; B—invalid—; not allowed 


12.9 Surface area of a cylinder 
-27TRHie,*xDxH 
5 REMPRIMER EXERCISE 12.9 
10 REM THIS PROGRAM CALCULATES 
20 REMTHE AREA OF A CYLINDER 
30 REM DIS THE DIAMETER 


40 INPUTD,H 

50 Р= 3.1416 

60 AREA-P'D'H 

70 PRINT"D- ”;D,“H= "HH 
"AREA = ”; AREA 

80 END 


12.10 (iii) IF A THEN 90 
invalid—no condition 
(iu ЕА>В>Р + QTHEN85 
invalid—condition relates more than 2 variables 
() IFP+Q>R+S 95 
invalid— THEN missing 
vi) IF (R >S) ТНЕМР = О 
м ues statement number is allowed after THEN 
(уй) IF A < D< FTHEN 90 
invalid—two symbols « not allowed 


12.11 (y2 — y1)/(x2 — x1) = Slope of line 1 
(y3 — y1)/(x3 — х1) = Slope of line 2 
If slope 1 = Slope 2 lines collinear } ; 
». if (y2 — y1) (x3 – х1) = (y3 - y1) (x2 — x1) the lines collinear 
10 INPUT X1, X2, X3, Y1, Y2: ҮЗ; EPSILON 
20 $1 = (Y2 - ҮІ) "(Х3- X1) 
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30 52 = (Y3- Y1) ° (X2- XI) 

40 IF (ABS ($1 - S2) &-EPSILON) THEN 70 
PRINT "POINTS NOT COLLINEAR" 
STOP 

PRINT "POINTS COLLINEAR" 

STOP 

'END 


38855 


EPSILON = 0.00005 


12.12 5 REM PRIMER EXERCISE 12.12 
10 REM TOFIND IF TRIANGLE IS RIGHT ANGLED 
20 REM GIVEN SIDES A,B,C C > B >A 
30 INPUT A,B,C 
40 Х=А!2 + B!2 
50 Y= C12 
60 IF (X = Y) THEN 90 
70 PRINT "TRIANGLE NOT RIGHT ANGLED" 
80 STOP 
90 PRINT “TRIANGLE RIGHT ANGLED” 
100 STOP 
110 END 


12.13 5 REMPRIMER EXERCISE 12.13 
10 REM TO FIND SMALLEST OF THREE NUMBERS 
20 REMGIVENA,B,C 
30 INPUT A,B,C 
40 IF(A < B) THEN 60 
50 GOTO80 { 
60 IF(A < C) THEN 100 
70 GOTO 140 
80 IF(B«C) THEN 120 
90 GOTO 140 
100 PRINT “A SMALLEST TRA 
110 STOP 
120 PRINT “В SMALLEST i 
130 STOP 
140 PRINT “C SMALLEST Yee 
150 STOP 
160 END 


12.14 
5, REMPRIMER EXERCISE 12.14 
10 REM PROGRAM TO ADD 1 TO 25 
20 50М-0 
30 FORN-1TO25 
40 SUM = SUM + N 
50 МЕХТМ 
60 PRINT SUM 
70 END 
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12.15 
5 REM PRIMER EXERCISE 12.15 
10 REMFIND THE SUM OF SERIES 
20 КЕМІ + X + X + ХЗ. x5 
25 INPUTX 
30 $=1 
40 T-X 
50 FORI = 1 TO 15 
60 S=S+T 
70 T2T*X 
80 NEXTI 
90 PRINT S 
100 END 


5 REM PRIMER EXERCISE 12.16 
10 REM TO FIND SUM OF ODD INTEGERS 
20 REM NUMBERS FROM 1 TO31 
30 SUM- 0 
40 FORN = I TOSI $ТЕР2 
50 SUM = SUM + М 
60 МЕХТМ 
70 PRINTSUM 
80 END 


12.17 Observe that a term i in the series is the sum of previous two terms (Î = 1) and 
(i— 2). 
Therefore any term can be derived given the first two terms. This sequence is 
called a Fibonnacci sequence. 
New term — Prev. term 1 + Prev. term 2 


BASIC PROGRAM 
10 REMSUM OF SEQUENCE EXERCISE 12.17 
20 REM NOTE NEWTERM IS SUM OF PAST TWO TERMS 
30 PT1 =1 
40 PT2 =1 
50 SUM = РТ! + PT2 
60 FORI- 1TO9 
70 МТ = РТ! + PT2 


90 РТ2 = РТ1 
100 PT1 = NT 
110 МЕХТ! 
120 PRINT SUM 
130 END 
Trace: 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89 
PT1 PT2 SUM NT Before Loop 
aO о ах — 
2 Ге 1 
5 l 2 3 P= 2 


3 2 3 


12.19 
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3 12 5 
5 20 8 
8 33 13 
13 54 21 
21 88 34 
34 143 55 
55 232 89 


Total 232 


REM SOLVE QUADRATICA* X!2 4 B' X4 C 
PRINT "WHAT ARE THE THREE COEFFICIENTS" 
FORI = 1704 

INPUT A, B, C 

ТЕА = 0 THEN 270 
D-B'B-4*'A'*C 
IF D = 0 THEN 230 
IF D < 0 THEN 150 
PRINT "REAL ROOTS" 
DR = SQR(D) 
X1 = (- B4 DR) / (2* A) 
X2 = (-В- DR)/(2* A) 
PRINT “X1 = УХТ, X2 = Са 
СОТО 300 
PRINT “СОМРІЕХ ROOTS" 
D=-D 
DR = SQR(D) 
XIR = -B/(2* А) 
ХИ = DR/(2 * A) 
X2] = -ХИ 
PRINT ‘XIR = ”; ХВ, “ХВ = ”; XIR, 

“ХИ= "ХИ, “Ха = ”; x2] 

GOTO 300 
PRINT *REPEATED ROOTS" 
X1 = -B/(2* А) 
PRINT 551: ХІ, "KZ a "хі 
GOTO 300 
PRINT "LINEAR EQUATION" 


Х1 = -C/B 

PRINT “X1 = "Xl 
NEXTI 

END 


REM PRIMER EXERCISE 12.19 
REM FIRST NUMBER READ S IS SMALLEST SO FAR 
INPUTS 
FORI = 1 TO 19 
ІМРОТМ 


13.1 
13.2 


13.3 


13.4 
13.5 


13.6 


13.7 


13.8 


13:9 
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50 IFN «STHEN70 
60 СОТО80 

70 ӨРІМ 

80 МЕХТІ 

90 PRINTS 
100 END 


CHAPTER 13 
STRING MANIPULATION IN BASIC 


A string is a sequence of characters. 


A variable name in which we store a string of characters is called a string variable 
name. 


(i) B$ valid 

(i ABC25 invalid. $ missing 

(iii) AC + S$ invalid. + not allowed 

(м) $B* $ $ cannot occur initially 
* not allowed. 

(v) АВ" CD$ invalid. * is not allowed 


A string constant is a sequence of characters enclosed within quote marks. 


(i) “THIS IS A BOOK"—valid 

(i) “A SET OF + — ° /? SYMBOLS” — valid 

(ii) “А STRING IS HERE/ — invalid. Closing quote marks (") missing 
(iv) (IS THIS A STRING ?) — invalid. ( ) not allowed 

(у) *RAMA"S BOOK"— invalid. Quote mark with string not allowed 


String expressions are formed by processing strings. For example by combining 
two strings, selecting some characters from a string, deleting some characters 


from a string. 


(i) X$ = "THIS BOOK" 
А$ = X$ + "IS MINE" 
THIS BOOK IS MINE 

(ii) R$ = “КАМА” 

B$ = “NATHAN” 
A$ = R$ + BS 
RAMANATHAN 


A$ = “ABRACADABRA” 

(i) LEFT $ (A$, 4) is ABRA 

(ii) RIGHTS (A$, 6) is ADABRA 
(iii) MID$ (A$, 3, 7) isRACADAB 
(м) LEN (A$) is11 


5 REM PRIMER EXERCISE 13.9 
10 REM FIND OCCURENCES OF B IN STRING 


r 
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READ A$ ` 
DATA “ABRACADABRA” : 
COUNTB = 0 i 
N = LEN (A$) | 
FORI = 1TON | 
X$ = MID $ (A$, I, T) | 
REM Ith CHARACTER STORED IN X$ 
IF (X$ = "B") THEN 110 
GOTO 120 


ЕРЕСЕК ГЕНЕ 


13.10 REM PRIMER EXERCISE 13.10 
REM REPLACE A BY BIN STRING A$ 
А$ = "ABRACADABRA" 
T$-" » 
М = LEN(A$) 
FORI = 1TON 
X$ = MID$ (A$, 1, 1) 
IF (X$ = “A”) THEN 100 
T$ = T$ + X$ 
GOTO 110 
T$ = T$ + "B" 
NEXTI 
120 PRINT A$, T$ 
130 END 


13.11 5 REMPRIMER EXERCISE 13.11 
10 REMREVERSING A STRING A$ 
20 А$ = "ABRACADABRA" 

30 REV$-"" 
40 М = LEN (A$) 
50 FORJ = 1TON 
60 M=N+1-Jd 
70 REV$ = REV$ + MID$ (A$, M, 1) 
80 NEXT J 

90 PRINT REV$ 
100 END 


13.12 5 REMPRIMER EXERCISE 13.12 
10 REM DELETING CHARACTERS 
20 INPUT STRING$ 


ESsBSZZEBESENZS. 


50 L = LEN (STRING$) 
60 NLEFT$ = LEFT$ (STRINGS, (М- 1)) 
70 NRIGHT$ = RIGHT$ (STRINGS, (L— (N+ M—- 1))) 
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80 NEWSTRING$ = NLEFT$ + NRIGHT$ 
90 PRINT NEWSTRING$ 
100 END 


CHAPTER 14 
DATA PROCESSING 


14.1 Data refers to facts, the raw material which we feed into a computer. 
The computer operates on the data we feed in and transforms this data into 
output which is meaningful. This output is called information. 
14.2 Processing the data means feeding in data into a computer, operating on 4 to 


produce meaningful results, for example, giving details about pay scales of 
people in an institution and calculating the payroll of all employees, preparing 


budget etc. 

14.3 110011 canbe 
Apin code Insurance policy number 
Car booking number Bank account number 
Telephone number Library card number 
Roll number Identity card number 
Ration card number Medical Centre number 
Gas cylinder number A binary number 


A decimal number 


14.4 In business, data processing can be used in calculating pay of employees, 
inventory control, sales analysis, performance of salespersons, decision making 
at managerial levels, budgetting, finance etc. 


In industry work scheduling, maintenance scheduling, inventory control, 
quality control, process control for Increasing speed and efficiency —are some of 


the data processing applications. 


14.5 The basic steps in data processing are: 
(i) Determining the data required to obtain the desired information 


(iv) Organising the data to ease processing and retrieval, and 
(v) Generating the desired reports by processing the organised data. 


14.6 The outputs or reports required from the system are specified. From this the 
data needed to derive them are collected. 
14.7 Roll No. of student or Name of student 
Height 
Weight 
Age 
Sex 
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14.8 Astores order processing and inventory control system helps the manager— 
(1) To know what items he should order so that they don't go out of stock 
(2) To supply the customer pending orders as soon as new stock arrives 
(3) To issue a bill to customer 


14.9 Additional data needed are: 
List of vendors and what they supply, 
Vendor code, vendor name and address 
Items supplied by them 


14.10 The input data is the data we feed in for processing like the forms we get filled for 
inputting 
The data required for reference is the data which is required for processing, 
which is already kept in store in the form of a master file. 


14.11 Output 
Marks Sheet for each 
student 
containing roll no., 
INPUT name, marks in be. 
DATA subjects and class 


obtained 
(1) Students’ names and 


roll nos. Marks obtained 
by each student in 5 
subjects and class 

(2 Student name, and his/ 
her parent/guardian's 
name and address 


Mail marks sheet to parent/ 
guardian 


Report to principal on class 
performance 


Data for reference students’ names 
and addresses of parents/ guardians 


Criterion for Passing/ failing of students 
14.12 


Student Roll No. 


Date: 
Student name and address 


Marks in subjects 


кы шш ec ышы. 
Sub Sub Sub Sub Sub Total Class 
И У mog wos agus 


о 120 
SS о 


———— м. 


Format for 14.11 (i) 


SOLUTIONS TO EXERCISES 3 


5 


Parent/Guardian 
Name: 
Address: 

Student's name: 


Marks in subjects 
Sub 1 Sub 2 Sub 3 Sub 4 Sub 5 Total Marks Class 


Format for 14.11 (ii) 


Name of Principal: Name of School: 


No. of Students No. of Students Average Marks 
passed failed obtained by class 


Format for 14.11 (iii) 


Marks in 5 subjects 


Roll No. Sub 1 Sub 2 Sub3 Sub 4 


Transaction file 


Student Student Parent/Guardian Parent/Guardian 
Name Name Address 


Master file 


14.14 The key field in the files of Exercise 14.11 is the Student’s Roll Number. 
Since it is the identification number of a student it is unique. 
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14.15 


—— —— 


Marks in subjects 
Student 
Roll No. Sub 1 Sub2 Sub3 Sub4 Sub 5 


——————————————ÉÉn 
د‎ a A 


Transaction Record Form 


———— M—M————————— Más 


Student Student Parent/Guardian Parent/Guardian 
Roll No. Name Name address 


Master Record Form 


14.16 Some fields are coded 
(i) forunique identification 
(1) conciseness 


14.17 Essential characteristics à 
(1) The code used for any item should be unique 
(2) The number of characters in the code should be smaller than the 
characters in the item name 
Desirable 
(1) The code itself should convey some meaning 


14.18 Each piece of data in a report or input is called a field. 


14.19 A group of related fields specifying data on an entity is called a record. 
14.20 A collection of related records is a file. 


14.21 A record in an input which triggers an action of the system is called a transaction. 


14.22 A transaction file is a collection of transaction records. It triggers fresh action. 
A master file consists of data which is relatively stable; it is the data which is 
permanently required for reference. 


14.23 Data processing for marks calculation 
1. Read student's Roll no., marks in all five subjects from transaction file. 
2. Calculate total marks and class of student 
3. Accumulate the following totals: 
sum of marks in subjects 1 to 5 
sum of students failed 
sum of students passed 
sum of students taking examination 
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4. Compare student roll no. in the first record of transaction file with the first 
record of master file. 

5. If no match, then continue reading master file until student roll no. in 
transaction file matches roll no. in master file. Read from master file 
parent's name and address. 

6. Print student mark sheet with details—student Roll no., student name, 
marks in 5 subjects, class and parent's name and address. 

7. Repeat steps 1 to 6 for each student until end of transaction files. 

8. Using data accumulated in step 3 compute average of marks in each subject 
by dividing sum of marks in each subject by total no. of students. 

9. Print Average marks in each subject, no. of passes and no. of fails. 

10. Issue report to principal giving all details calculated in step 9. 
11. Rewind transaction and master files. 


14.24 Batch processing is a particular method of processing data. In this method the 
transactions are arranged in the form of a batch. They are processed one by one. 


14.25 Yes. The processing for Exercise 14.11 should be a batch processing system as 
all the students’ reports should be processed one by one; also there is no query 
involved. 

14.26 An on-line system is one in which the user has access to the main computer 
through a video terminal. Programs can be entered through the keyboard and 
results also appear on the terminal. The user can directly access files stored in 
the computer and retrieve required data. 

14.27 In the system described by 14.23 which is a batch system, the transaction file is 
stored in roll number order. Їп case there is a query from a student the 
transaction file is read serially till the roll number of the enquiring student is 
reached. The corresponding record is then retrieved. 

14.28 If the computerised system is an on-line system a procedure for checking is very 
easy. In this system the master file records are kept in a magnetic disk and each 
record is stored in a specified address in the disk. The address of the record 
stored on a disk is specified by the track number, surface number and sector 
number. An algorithm is used which translates the student roll no. (code) to the 
address on the disk where the transaction file record is stored. The disk head is 
programmed to move to this address and retrieve the information. Once the 


information is retrieved it can Бе checked. 


14.29 The address of a record stored in a disk is specified by the track number, surface 
number and sector number. 


14.30 Master file has following information 
کی‎ сога тее И ае 
РАТЕ SHOW NO. CLASS SEAT NO. BOOKED OR NOT 


stored on disk with DATE arid SHOW NO. as keys. 
Query from Customer 


SHOW NO. CLASS NO. OF SEATS NEEDED 


DATE 
О „р او‎ ыызы песня 
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Key DATE and SHOW NO. 
e.g., 09 10 85 3 
Date Month Year | SHOW No. 
Each key has Corresponding disk address 
Disk address stores CLASS SEAT NO. BOOKED OR NOT 
PROCEDURE: 


Step 1: Getfrom customer data, show no. and class, No. of seats 

Step 2: Enter via keyboard data obtained in step 1 

Step 3: System transforms keys—data and Show no.—to disk address and 
retrieves record and stores in main memory 

Step 4: Compare no. of seats required against available seats. If no. of seats 
available issue tickets. Reduce no. of seats in master file. 

Step 5. If required tickets not available ask if Partial okay or see if another class 
has tickets 

Step 6: Issue tickets as requested. Reduce no. in master file 

Step 7: Wait for next customer, 


14.31 A real time System is used to control a physical system (e.g., an aircraft in flight) . 


14.32 In an on-line System the response is fast but the response time is not as crucial as 
in a real time. As a real time System controls a physical System any time delay in 
processing may lead to catastrophes, 


CHAPTER 15 
PROCESSING FILES IN BASIC 


15.1 A file is a collection of related records, 
15.2 Files are used in data processing, 

153 A record is a collection of related fields. 
15.4 A field is the smallest logical unit of data, 


15.5 A sequential file is a file in which records are arranged sequentially in ascending 


each record is unique, 


15.6 A = OPENOUT “ABC” — correct 
В = OPENIN “XYZ” _ correct 
XYZ = OPENOUT “Р” — incorrect 
only single character file identifier on 
the left allowed. 
“Х” = OPENOUTA — incorrect 


quote marks on the left not allowed, 
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15.7 1@КЕМ STORING HATA PROGRAM 

22A=OPENOUT "EMPMAS” 
ЗФРКІМТ “EMPLOYEENUMBER NAME BASIC PAY" 
4% INPUT EMPLOYEENUMBER .INAMES .ВРАҮ 
Su PRINT#A .EMPLOYEENLUMBER . INAMES .ВРАҮ 
55 FRINT.EMPLOYEENUMBER . INAME£ . BPAY 
Й IF (EMPLOYEENUMBER=2) THEN Ва 
7050Т0 4@ 
82CLOSE#A 
ЭШЕМ 

>RUN 

EMPLOYEENUMBER NAME RASIC PAY 

74967 .У .RATNAM . 1 006 . 0 


4567V .RATNAM 1@@@ 
27678 .A.GUPTA . 2000,0 
767886 .GUFTA 2000 
79438 ,LSMITA.SMITA.2508.2 
9438L .SMITA 2500 
29577.А.65Н05Н.750.0 
95778 . GHOSH 750 
76492 ТЕК KRISHNAN . 6200, 
6492R.ERISHNAN &@@@ 
23428 .Е.ВНАМАМІ . 140 
3428R .BHAVANI 140 
?9888.F..M.SIVA.201000 A0 
9&88F.M.SIVA SAA 
297835 .5 „HEMA . 600A „йй 
SS .HEMA Saag 
HAY 151.2 
2919S .КЕЗНАМ 150 
зала „ххх „Л. „йй „л 
Ax XX ӣ 


SAVE EME J 


15.8 10КЕМ PROGRAM TO PRINT FILE 
20A=OPENIN"EMPMAS" 
3QPRINT" EMPLOYEENUMBER NAME RASICPAY" 
4QINPUT#A .EMPLOYEENUMBER . INAME € . BPAY 
SAIF EOF#A THEN 8a ; 
оЙРКІМТ EMPLOYEENUMBER . INAME# „ВРАҮ 


?а50Т0 4@ 
BACLOSE#A 
О@ЕМП 
#RUN 
EMPLOYEENUMBER МАМЕ BASICFAY 
49673 .RATNAM 1000 
76784 .GUPTA рай 


94381. SMITA 
95778 .GHOSH 
6492R .KRTSGHNAN 
3428R .ВНАУАМТ 
9888F .M.SIVA 
97858 .HEMA 
99195 .KESHAaV 


15.9 


15.10 


15.11 
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IQREM PROGRAM TO SELECT EMPLOYEE RECORD 
2@ A-OPENIN"EMPMAS" 

ЗӘРКІМТ “EMPLOYEENUMBER .МАМЕ .ВАЗТСРАУ" 
42 INPUTHA.EMPLOYEENUMBER . INAMEs . BEA Y 
SAIF EOF#A THEN 1@@ 

6@ IF(EMPLOYEENUMBER-9438) THEN 80 
7абото 40 

В@РК1МТ EMPLOYEENUMBER . INAME& .ВРАУ 


926070110 
1@@ PRINT "EMPLOYEE NOT IN FILE" 
11Q@CLOSE#A 
1 2QEND 
УКиМ 
EMPLOYEENUMBER . NAME . RASICFAY 
9438L .SMITA 2500 


ІЙКЕМ PROGRAM TO FINI! AVERAGE BASICPAY 
2MA=OFENIN’ EMPMAS" 
GASLIMPAY=a 
4QNEMP=2 
TA INFUTHA .EMPLOYEENUMBER . INAME£ . ВЕАҮ 
6@IF EOFWA THEN 100 
PASUMFAY=SUMFAY+RF'AY 
В@МЕМР=МЕМЕ+ 1 
9AGOT OSA 
1LQQAVPAY=SUMPAY /NEMP 
110РКІМТ"АУЕКАбЕ РАУ= " .AVFAY 
120CLOSF44 
132 ЕМП 
SRUN 
AVERAGE FAY= 2282.22222 


10КЕМ PROGRAM CREATES TRANSACTION FILE 
2p B-OPENQUT "EMPTRA" 
ЗФРКІМТ "EMFNO ALLOWANCES IEDNS" 
4 ІМРИТ EMPLOYEENUMBER .ALLCE .TIETIN 
SQ@PRINT#E EMPLOYEENUMBER . ALLCE . DETIN 
62 IF (EMPLOYEENUMBER=@) THEN BA 
7авото 4a 
82CLOSE#B 
9@ END 
жим 
EMPNO ALLOWANCES ПЕТІМ5 
?4567.600.0.100,0 
?7678.1000..0.500.0 
?9438.1200.0.600.0 
?9577.500.0.200.0 
26492.15002.0.600.0 
23428.100.0.25.0 
29888.1020.0.600.0. 
29784.100.100..0.100.0 
?9919.300.0.150.0 
?0000.0200.000.0.0200,0 
#SAVE "TRANS" 
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5 REM ASUME THAT EACH MASTER RECORD HAS 
CORRESFONDING TRANSACTION RECORD: 


1ОКЕМ PROGRAM TO PROCESS FILE 
>аб-ОРЕМІМ"ЕМРМАВ" 
3àB-O0PENIN"EMPTRA" 

35 C-OPFENOUT "RESULT" 


AQINFUT#A .EMPLOYEENUMBER . INAME$ . BPAY 


5@1Е EOF#A THEN 160 
bI INPUTSEB .STNO . ALLCE .DEDN 
7@1Е EOF#BR THEN 170 


BA IF (EMPLOYEENUMBER< >STNO) THEN 140 


Ş26GFAY =BPAY +ALLCE 
1@@МРАҮ=ВРАҮ-ПЕПМ 


110PRINT"EMPLOYEENUMBER NAME GROSSPAY МЕТРАҮ" 
12@PRINT EMPLOYEENUMBER . INAME# . GPAY .NPAY 


128 PRINT#C -EMPLOYEENUMBER .GPAY .МРАҮ 


132 GOTO 42 


140 FRINT"TRANSACTION DOES NOT MATCH MASTER". 


EMPLOYEENUMBER . INAMEs .STNG 
isa GOTO 40 
16@ CLOSE#A 
172 CLOSE#B 
180 CLOSE#C 
УКОМ 
EMPLOYEENUMBER МАМЕ GROSSPAY МЕТРАҮ 


4567V .RATNAM 160 1500 
EMPLOYEENUMBER NAME GROSSFAY МЕТРАҮ 
76788 .GUPTA з@@@ 2508 
EMPLOYEENUMBER МАМЕ GROSSPAY NETPAY 
9438L .SMITA з?@@ 3100 
EMFLOYEENUMBER МАМЕ GROSSFAY МЕТРАҮ 
9577A .GHOSH 1250 1050 
EMPLOYEENUMBER МАМЕ GROSSPAY NE TRAY 
6492R .ККІЗНМАМ 7500 59@@ 
EMPLOYEENUMBER МАМЕ GROSSPAY МЕТРАҮ 
3428R .ВНАУАМТ 240 215 
EMPLOYEENUMBER NAME GROSSPAY NETPAY 
9888P .M.SIVA 3000 2400 
TRANSACTION DOES NOT MATCH MASTER 
97858 „НЕМА 9784 
EMPLOYEENUMBER NAME GROSSFAY NETPAY 
99198 .KESHAV 45a Baa 


401 
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5 REM ASSUME THAT EACH MASTER RECORD HAS 
CORRESPONDING TRNSACTION RECORD 
1@REM CREATES FILE IF EMPLOYEES WITH 
2ФКРМ GROSS PAY GREATER THAN 2000 
3 0PENIN"RESUL Т” 
аап-ОРЕМОЦТ“ЕПІТ" 
ЭФІМРИТЯС .EMPLOYEENUMBER .GPAY .NPAY 
5@1Р EOF#C THEN 130 
ТФІҒ (GPAY>2008) THEN 90 
вавото 5e 
ЗӘРКІМТФГІ.ЕМРІ OYEENUMBER .GPAY .NPAY 
10ØPR INT "EMPLOYEENUMBER NAME GROSSPAY NETPAY" 
117 PRINT EMPLOYEENUMBER .GPAY .NPAY 
120  GOTO 50 
130CLOSEWD 
149Е МП 
»RUN 
EMPLOYEENUMBER NAME GROSSPAY МЕТРАҮ 
7678 зада 2500 
EMPLOYEENUMBER NAME GROSSFAY NETFAY 
9438 3700 з1@@ 
EMPLOYEENUMBER МАМЕ GROSSFAY МЕТРАХ 
6492 7500 6900 
EMPLOYEENUMBER NAME GROSSPAY NETPAY 
9888 3000 2400 


15.14 


5 REM ASSUME THAT EACH MASTER RECORD HAS 
CORRESPONDING TRANSACTION RECORD 
10REM EDITING FILE 
2@A=OPENIN"EMPMAS" 
З@Е=ОРЕМОЦТ "МОТ" 
401МРОТЗА .EMPLOYEENUMBER . INAMES..BPAY 
50 IF EOFWA THEN 140 
6QIF ВРАҮ>5@@@ THEN 100 
7QIF ВРАҮ<200 THEN 100 
BOPRINT#R. EMPLOYEENUMBER . INAME# BRAY 
9QGOTO 40 
10QPRINT"EMPLOYEE PAY NOT IN RANGE" 
110PRINT"EMPLOYEENUMBER . INAME $ „ВРАҮ" 
12@PRINT EMPLOYEENUMBER . INAME s .ВРАУ 
130GOTO 42 
14@CLOSE#A 
150 CLOSE#F 
>RUN 
EMPLOYEE PAY NOT IN RANGE 
EMPLOYEENUMBER.. INAME «BPAY 
6492R «KRISHNAN baaa 
EMPLOYEE PAY NOT IN RANGE 
EMPLOYEENUMBER . INAME# .BFAY 
За?вк .BHAVANI 148 
EMPLOYEE RAY NOT JN RANGE 
EMPLOYEENUMBER. МАМЕ .BPAY 
9785S .НЕМА baaa 
EMPLOYEE PAY NOT IN RANGE 
EMPLOYEENUMBER.. INAME# .ВРАҮ 
99198 .KESHAV 150 
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16 36 Reie to Section 16 8.3 


406 COMPUTER PRIMER 


16.37 Refer to Section 16.8.3 
16.38 See Section 16.8.4 


CHAPTER 17 
EVOLUTION OF COMPUTERS 


17. 1 Abacus was the first mechanical device used by man. 
17. 2 See Section 17.1 


17. 3 Because the slide rule was made up of strips of bones on which numbers were 
painted. 


17. 4 See Section 17.1 (Mechanical Calculator) 


17.5 (i) Carry over could be made automatic 
(i) ^ Multiplication of numbers could be performed by repeated additions 


17. 6 Refer to Section 17.1 (Mechanical Calculators) 
17. 7 See Section 17.2 

17.8 Refer to Section 17.3 

17.9 Refer to Section 17.3 
17.10 Jay R. Monroe 


17.11 Herman Hollerith was the first one to use electrically activated punched card 
machine to automate the census. It increased the speed and efficiency. 


17.12 ENIAC 

17.13 John Von Neumann was the originator of a stored program computer 
17.14 UNIVACI 

17.15 Vacuum Tubes 

17.16 Refer to Section 17.6. The Second Generation Computers | 
17.17 Magnetic Core memory; Magnetic disks 
17.18 FORTRAN, COBOL, ALGOL and SNOBOL | 
17.19 See Section 17.6. The Third Generation Computers 
17.20 See point 14 of summary | 


CHAPTER 18 
PROGRAMMING PROJECTS 


18.1 Volume of a pyramid is given by: 
У = 1/3 (А1+А2+ ./ AIA2H ... (i) 
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Al, A2 are areas of base and top respectively and H vertical height between 
base and top. Let D1 be the diameter of bottom and D2 the diameter of the top 
the bucket. 


Given Н = (02-01) *2 in this problem 
V= = 0213 - 2113) 


Given D1 and given V = Flow rate *time 
H () = 2 ( Gow rate"! + D113) 11/3) - DI) 


"BUCKET" 
L. 
1Q@REM EXERCISE 18.1 
20INPUT FLOWRATE . 01.1 
З@КОК М=1 TO T 
42 VOL.UME=FLOWRATE «M 
S0 023=6*VOLUME/3.14164+D1#D1 +01 
60  H-2*(D23^(1.0/3.0) -D1) 
70 PRINT "HEIGHT- ".H."MINUTES- ".M 
BONEXT M 
92 END 
>RUN 
?3 
?0.5 
?1ї@ 


HE IGHT= 2.60463694MINUTES- 
HEIGHT-"* 3.52533907MINUTES- 
HEIGHT- 4.17400176MINUTES- 
HEIGHT- 4.69129 754MINUTES- 
HEIGHT- 5.1285465MINUTES- 
HEIGHT- 5.51098025MINUTES- 
HEIGHT- 5.85309939MINUTES- 
HEIGHT- 6.1640968MINUTES- 
HEIGHT- 6.45021033MINUTES- 
HEIGHT- 6.71588985MINUTES- 


&00-Jo0»50*')-— 


m 


18.2 Problemis to find side to make area maximum 
Let P be perimeter 
Let L length of one side 
Р = 2B + 21. огВ = Р/2 - L 
Area = L *В = L*(P/2 - L) 
The procedure tries all values of L from 1 to P/2 and stops when A becomes 
maximum. The value of L thus found is printed. 


18.3 This problem is solved by finding the least significant digit by using MOD function 
367645 MOD 10 = 5 
After finding the least significant digit the number is truncated and the procedure 
is used again. Truncation is done by integer division 
367645 DIV 10 = 36764 


408 COMPUTER PRIMER 
Program for 18.2 


= REM PRIMER EXERCISE 18.2 
10 INPUT Р 
2065-0 
ЗФҒОК L=1 TO F/2 
да МА=| жХР/2-1) 
5@ IF МАЖА THEN 198 
é0 A=NA 
?ӘМЕХТ L 
BOPRINT F/2 
9esTOF 
LQQPRINT (L.—1) 
110S5TOP 
120ЕМП 
>RUN 
7502 


125 


STOF at line 11@ 


Program for 18.3 


5 REM PRIMER EXERCISE 18.3 
1@ REM TO FIND THE SUM OF THE 
15 REM SUM OF DIGITS OF A NUMBER 
20КЕМ DIGITS OF А NUMBER 
S@INFUT NUM 
4050М =0 
50 Пе NUM-(NUM ПТУ 1@)+1@ 
62SUM=SUM+0 
70М1-МИМ [IV 10 
SAIF №1=@ THEN 11й 
FRINUM=N 4 
1005070 5a 
LIQIF (SUM DTV 10) =й THEM 148 
1 20NUM-:SUM 
13aG60TO 4@ 
14QPRINT SUM 
15asTor 
16QEND 

#RUN 
7367649 
4 


STOF at line 152 
*RUIN 
7574398 

9 


STOF at line 150 
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18.4 Ayearisa leap year if it is divisible by 4. This rule does not apply for a century 
year. A century year isa leap year if it is divisible by 400. 


For example: 1962 is not a leap year 
1960 is a leap year 
1900 is not a leap year 
2000 is a leap year 


*LO."LEAP" 
aL. 


S REM PRIMER EXERCISE 18.4 
1@КЕМ FIND IF LEAP YEAR 

Z0INFUT NOOFDATA 

3@FOR I-1 TO NOOFDATA 

42 INFUT YEAR 

5@ IF(YEAR MOD 108-Q) THEN 9Q 
6@ IF (YEAR MOD 4-0) THEN 120 

20 PRINT"NOT A LEAP YEAR". YEAR 

| ва GOTO 130 

| 90 IF(YEAR MOD 400-0) THEN 120 
160 PRINT "NOT А LEAP YEAR". YEAR 
118 GOTO 13a 

120 PRINT "LEAP YEAR". YEAR 
1З@МЕХТ I 

140STOF 


15@ЕМП 


NOT А LEAF YEAR 19@@ 
?1952 

LEAP YEAR 1952 

?1956 

LEAF YEAR 1956 

21984 

LEAP YEAR 1984 


?1600 
LEAP YEAR 16@@ 


71987 
NOT А LEAF YEAR 1987 


8ТОР at line 140 


18.5 Тһе amount P that must be deposited at the end of each month (beginning one 
month hence) with a compound interest r paid on accumulated deposit each 
month in order to have a balance S at the end of n months is given by the 


formula 
S. (r/12) 
~ (141/12) 1-1 
| r is in decimal. If R is the rate of interest in percent then r = R/100. This formula 
is used in the program. 
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COMPUTER PRIMER 


>LO." INT" 


^L. 


5 


REM PRIMER EXERCISE 18.5 


10INPUT S.RP.N 
20КЕМ S IS THE FINAL AMOUNT 
3Q@REM м NO. OF MONTHS 


35 


REM RP IS YEARLY INTEREST IN FERCENT 


4QR-RF/1200 

520-1 

&@ЕОК Ісі TO М 

70 Q=Q*(1+R) 

ВФМЕХТ I 

9@P=(S*R) / (0-1) 

1О@РЕТМТ "MONTHLY DEPOSIT- ".P 
11@STOP 

120 END 


>RUN 


?15@@@.1@.12@ 
MONTHLY DEPOSIT- 73.2261059 


STOP at line 110 


>RUN 


18.6 Theory used is similar to project 7 of Chapter 18. 


>LO."TRAIN" 
> 


5 
1@ 
15 
20 
25 
за 
35 
4a 
5@ 
eun 


REM PRIMER EXERCISE 18.6 
INPUT TDA.SA.TA.DISTAB 
REM SUM OF DIGITS OF A NUMBER 
INPUT TOB.SH.TE 
FOR M=1 TO 1@@ 
TIA=SA*TA/120+SA* (TIIBCTIIA- TÀ) /62+SA*M/ бой 
REM RE IS YEARLY INTEREST IN PERCENT 
DIB=SR*TB/120+SER*M/ 6a 
X=ABS (DISTAB-DA-DB) 
IF (X4=1) THEN 8@ 


Т@МЕХТ M 

SAàPRINT "DISTANCE FROM A= ".ПА 
9a TIME-TDIA*M 

1Й РКІМТ "TIME ОҒ MEETING- ".TIME 


105 
117 


PRINT "WILL MEET".M."MINUTES AFTER" ТА 
ЕМІ 


1AANUM=SUM 
igaGOTO 4@ 
14ЙРКІМТ SUM 
15й6ТОР 
LOEND 


HRUN 


?11@й. 


52.120.100 


2113й0.60.15 

IIISTANCE FROM A= 53.3333333 

TIME OF MEETING- ` 1140 

WILL. MEET 39MINUTES AFTER 1100 


| 
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18.7 The method is to realise that groups of 4 characters get transposed as shown 
below: 
Ав C. р 


Four character group are taken in the algorithm and transposed using string 
operations. 


?LO. "STRING" 
E. 


* REM PRIMER EXERCISE 18.7 
1@REM TO CREATE А NEW STRING OF 
ZUREM GIVEN FORM FROM АМ INPUT 
ЗФКЕМ STRING 
4QINPUT А+ 
5 NW$-" " 
6@L=LEN (AF) 
70IF L=@ THEN 15@ 

В@1Е Lz4 THEN 172 
9QT#=MIDS (AF .3.2) 
100 NWE=NWE+TE 
110 Т%-МІП%(А%.1.2) 
120NW$-NW$-Ttf 
1306£$-MID£(A£.5.L-4) 
145L-L-4 
i48GOTO 70 
1З0РКІМТ МИФ 
1605ТОР 
178FPRINT"ERROR IN INPUT" 
18@5ТОР 
>RUN 
?АВКАСАПАВКАВ 
RAABIIACAABER 


STOP at line 142 
УКОМ 
7HIPPOFOTAMUS 
FFHIOTOFUSAM 


STOP at line 160 


18.8 The main point in this exercise is to show that all possible values of a, b, с should 
be considered and a general program developed 


412 


¢ aa 
5 REM PRIMER EXERCISE 18.8 
1@REM QUADRATIC EQUATION SOLUTION 
2ФКЕМ М IS THE NUMBER OF INPUT DATA SSETS 
3@INPUT N 
AOFOR I=1 ТОМ 
50 INPUT A.B.C 
60 IF (A=@) THEN 80 
70 GOTO 120 
Bà PRINT "LINEAR EQUATION-ONE ROOT" 
92 ROOT --C/B 
102 PRINT"ROOT- ".ROOT 
112 GOTO 300 
120 D-B*B-4*A*C 
138 IF(D>@) THEN 160 
140 IF(D<@) THEN 210 
15а IF(D-Q) THEN 270 
16€ PRINT"REAL ROOTS” 
172 ROOT1= (-B+SOR (D) ) / (2*0) 
182 ROOT2-(-BR-SOR (П) ) / (2*4) 
190 PRINT "ROOT1- ".ROOTI."ROOT2 ".ROOT? 
202 GOTO зда 
212 PRINT "COMPLEX. CONJUGATE ROOTS" 
220 р=-р 
230 XR=-B/ (2*A) 
240XI-SGOR(D) / (2*6) 
250 PRINT "RFAL PART= ".XR."IMAG PART= " „хт. 
260 GOTO 300 
270 PRINT "EQUAL REAL ROOTS" 
280 XR=-B/(2*A) 
29@ PRINT "ROOT1-RüOT2- ".XK 
BQ@Q@NEXT 1 
ЗІФРКІМТ "INPUT DATA EXHAUSTED" 
320STOF 
330 END 
жим 
24 
70.2.3 
LINEAR EQUATION-ONE ROOT 
ROOT= -1.5 
22.18.3 
REAL ROOTS 
ROOT t= -0.320550528 
ROOT? -4.67944947 
7172. 1 
EQUAL REAL. ROOTS 
ROOT 1=ROOT2= 
=: 


72.4.4 

COMPLEX CONJUGATE ROOTS 
REAL FART= 

—11МАб РАКТ= 

INPUT DATA EXHAUSTED 


i ыыы 


18.9 


SOLUTIONS TO EXERCISES 


STOP at line 320 

>RUN 

24 

20.3.4 

LINEAR EQUATION-ONE ROOT 
ROOT= -1.33333333 
21.98.2 

REAL ROOTS 

ROOT1= -@. 258342613 
ROOT2 -7.74165739 
320320 

COMPLEX CONJUGATE ROOTS 
REAL PART= 

-11МАб PART= @.707106781 
71.94 

EQUAL REAL ROOTS 
ROOT1=ROOT2= 

-1 

INPUT ВАТА EXHAUSTED 


STOP at line 320 


Height of 
student 


H H 
Е ал02---- 
tan 01 X n т 


Х+Т 101 T  tan6l - tan 02 
-a or dim اججج‎ 
X tan 02 X tan 02 


Ttan 01 1ап02 
tan 01 — tan 02 


Given T, 01, 02, height of student 
Total Height of tower = Н + Height of student 
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LO."HEIGHT" 
>t. 

5 REM PRIMER EXERCISE 18.9 
1@REM HEIGHT OF TOWER 
2@INPUT HT.THETA1.THETA2.T 
З@Н= ТАМ (ТНЕТА1 ) «ТАМ(ТНЕТА2) *T/ 

(TANCTHETA1) -TAN (THETA?) ) 

42 GTOTH=H+HT 

50 PRINT GTOTH 

ва STOP 

70 END 
жом 
?1.75.1.0472.0.7854.100 
238.352769 


STOP at line ёй 


18.10 Let P be the price. Then each year the depreciation is on the depreciated price 
2. First year NPrice — Price — Price X dep. rate/ 100 
Second year Price — NPrice (1 — dep. rate/ 100) 
At the end of specified years N the net worth is = Depreciated price + total 
profit. If the original price P is invested then using compound interest the net 
value is found at the end of N years. 
The two are compared to find which is larger. 


2LO."MACHINE" 
>. 


5 КЕМ PRIMER EXERCISE 18.10 
1QINPUT PRICE.RATE.PROFIT.NTRT.YRS 
20P-PRICE 
S@FOR I-1 TO YRS 
40 PRICE=PRICE-PRICE*RATE/1aa 
S@NEXT I 
6Q@PRINT PRICE 
7Q@PROF IT=YRS*PROF ІТ 
SQ@MTOTAL=PRICE+PROF i T 
9 ІМУЕ5Т-Р 

1@@ЕОК 1-1 TO YRS 
110 INVEST =INVEST*(1+NTRT/100) 
12@МЕХТ 1 
1З@1Е INVEST» MTOTAL THEN 160 
140РКІМТ "BUY THE MACHINE" 
1505ТОР 
16@PRINT "DONOT BUY THE MACHINE. 
INVEST IN А BANK" 
17@STOP 
18@END 
>RUN 
28802 .22.3000.15.5 
2621.44 
BUY THE MACHINE 


ы” 


7 Б 


1344. 
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STOP at line 170 —— 
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05 REM PROGRAM 15.1 

10 REM BASIC PROGRAM TO CREATE А MASTER FILE 

20 OPEN "STOFIL" FOR OUTPUT AS в 

30 PRINT “ICODE INAME PRICE GTYST REORD GTYORD 
40 INPUT ICODES$,INAMES$,PRICE,GTYST.REORI 1T YORD 


30 WRITE #1, ICODES, INAMES.PRICE.GTYST.REORD. @TYORD 


60 IF ( LCODES= "END THEN АО 
70 GO TO 40 

60 CLOSE #1 

90 END 


05 REM PROGRAM 15.2 

10 REM BASIC PROGRAM TO PRINT FILE STOFIL 

20 OPEN "STOFIL" FOR INPUT AS #1 

30 PRINT "ICODE INAME PRICE QTYST REORD QTYORD" 

40 INPUT #1, ICODES, INAMES,PRICE,GTYST.REORD,GTYORD 
30 IF EOF(1) THEN 80 

60 PRINT ICODES, INAMES ,PRICE,GTYST,REORD,GTYORD 
70 GO TO 40 

80 CLOSE #1 

90 END 


05 REM PROGRAM 15.3 

10 REM PROGRAM CORRECTS A FIELD IN а FILE 
20 OPEN "STOFIL" FOR INPUT AS #1 

30 ОРЕМ "STONEW" FOR OUTPUT А5 «2 


40 INPUT #1, ICODE$.INAMES,PRICE,GTYST,REORD,GTYORD 


50 IF EOF(1) THEN 110 

60 IF(ICODES$-"RSAS") THEN ВО 

65 GOTO 90 

70 REM PRICE FIELD CORRECTED BY STATEMENT 80 

80 PRICE-5.2 

90 WRITE #2, ICODES, INAMES,PRICE,GTYST,REORD,GTYORD 
100 GO TO 40 

110 CLOSE #1 

120 CLOSE #2 

130 END 
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Abacus 289 
Accumulator 147 
Adder 130 
full 131 
half 130 
Address 24 
ALGOL 179 
Algorithm 304 
ALU 25 
Analytical Engine 293 
AND operation 117 
Arithmetic 
binary 105 
operators 186 
ASCII 109 
Assembler 171 
Assembly language 170 
Assignment statement 
numeric 189 
string 215 
Auxiliary memory 28 


Banking applications 275 

Bar coding 36 

BASIC 79, 174 
assignment statement 189, 215 
constants 185 
expressions 186, 214 
functions 206, 214 
operators 186 
relational operators 196 
strings 213 

Base 96 


postulates oí 124 

truth table 117 

variables 117 
Byte 110 


Cassette tape 30 
Chain printer 39 
Characters 95 
COBOL 178 
Code 109 
Compiler 173 
Computer 4 
assisted instruction 260 
capabilities of 5 
games 257 
generations 295 
limitations of 6 
organisation 16 
program 79 
Conditional jump statement 158 
CPU 18, 25 
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Loops 
FOR in BASIC 84. 198 
in programs 54 


Mechine language 149 
Machine Independent language 170, 173 


Magnetic 
disk 29 


tape 29 
Medical applications of computers 267 
Memory 24 
address 24, 130, 147 
auxihary 28 
cell (or box) 24, 146 
floppy disk 29 
MICR 35, 275 
Microcomputer 256 


N 
Name (of variable in BASIC) 177 


NEXT (statement in BASIC) 84 
NOT operation 119 
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